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WITH  DISCUSSION. 

I.VTHODUCTION. 

The  construction  of  the  Southern  Teruiiual  Station  iu  Boston  by 
The  Boston  Terminal  Company  has  reduced  the  number  of  termiual 
stations  iu  that  city  to  two:  One,  the  Northern  Station,  serving  the 
railroad  lines  entering  Bpstou  from  the  Northeast,  North  and  North- 
west, aud  taking  the  place  of  terminal  stations  formerly  used  by  tlie 
Boston  and  Maine,  Boston  aud  Lowell,  Fitchburg  and  Eastern  Kail- 
roads;  the  other,  the  Southern  Station,  serving  the  railroad  liue.s 
entering  Boston  from  the  West,  Southwest  and  South,  aud  taking  tlie 
place  of  termiual  statiou.s  formerly  used  by  the  Boston  and  .\lbanj, 
Old  Colouy,  Boston  aud  Provideuce  aud  New  Eugland  Bailvoads; 
all  the  roads  entering  the  Southern  Station,  except  the  Boston  and 
Albany,  being  leased  to  the  New  York,  New  Haven  and  Hartford 
Bailroad  Company. 

This  latter  station  has  just   been   completed,  and   its  engineering 
features  are  described  aud  illustrated  in   this  paper.     The  project  for 
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tliis  stiitiou  was  coureived  eaily  iu  the  year  160G;  the  cliaiter  ■nas  ap- 
proved Juue  9tL,  1800;  and  Tlie  Boston  Tenniual  Coinpuny,  consistiuy 
of  tli€  five  railroad  compauies,  as  follows:  The  Boston  and  Albany 
Railroad  Company,  The  New  England  Eailroad  Compauy,  Boston  and 
Providence  Ilailroad  Corporation,  Old  Colony  Railroad  Company, 
and  The  New  York,  New  Haven  and  Hartford  Eailroad  Company, 
each  taking  $100.  000  of  stock  (all  other  funds  being  raised  by  tcriaiual 
bonds),  was  immediately  organized. 

Surveys  and  plans  were  started  July  1st,  18'JG;  general  plans  were 
approved  by  the  Mayor  and  Railroad  Commissioners  on  December 
22d,  1896,  and  January  4th,  1897,  respectively;  construction  was  begun 
in  a  preliminary  way  in  January,  1897,  and  comprehensively  iu  April, 
1897. 

The  Old  Colony  and  New  England  Railroads  were  transferred  to  the 
station  January  1st,  1899;  the  Boston  and  Albany  Railroad  July  2.M. 
1899,  and  the  Boston  and  Providence  Railroad  September  10th,  1899. 

With  a  lew  minor  exceptions  the  work  at  this  date  (September, 
1899)  is  entirely  comphted.  The  site  selected  embraces  the  location 
of  the  old  Now  England  terminal  at  the  foot  of  Summer  Street,  a  part 
of  the  Old  Colony  terminal  on  Kneeland  Street,  as  well  as  all  the  land 
lying  between  these  stations  and  alongside  of  the  latter,  bordering 
upon  the  I'ort  Point  Channel,  a  part  of  Boston  Harbor.  A  portion  of 
Federal  Street,  "Mount  Washington  Avenue,  and  several  minor  streets 
have  been  abandoned,  and  Summer  and  Cove  Streets  and  Dorchester 
Avenue  have  been  extended  and  widened  to  serve  public  street  ti-atlic 
in  their  stead. 

Aside  from  the  terminal  work  undertaken  by  The  Boston  Terminal 
Company,  first  it  has  been  necessary  for  the  City  of  Boston  to  cnu- 
struct  the  new  streets;  land  for  the  same,  equivalent  to  that  taken 
from  streets,  being  given  to  the  city  by  the  Terminal  Compauy,  and  to 
relay  the  publi(;  sewer:,  and  viatcr  pipes  iu  the  vicinity.  This  street 
work  includes  a  sea  wall  along  the  Fort  Point  Channel  about  '2  000  ft. 
in  length  to  sustain  Dorchester  Avenue;  a  new  street  and  drawbriik"- 
100  ft.  wi.le  for  Summer  Street  extension;  also,  some  bridge  work  iu 
connection  with  Broadway  and  Albany  Street.  Since  the  plans  f'H- 
the  station  were  approved  by  the  Mayor  and  Railroail  Commissioner-, 
an  additional  street  and  bridge  over  the  terminal  grounds  and  F"i< 
Point  Chanuel,  makiug  an    exteusiou    of    Cove    Stieet    to  Dorchcst.  r 
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Avt-uur.  has  lii'cu  luoiioseil  liy  the  i-it_v,  Imt  the  coustiurtion  of  the 
.same  has  nut  vrt  hucn  uudertalao,  auJ  tliis  struct  is  thci-ffui-e  shown 
in  Jott.a  iiDus  ou  the  geueral  ]ihm,  Phite  A'l. 

.Sl-coiii1,  it  has  lii'i'u  necessary  I'orthe  Dhl  Cohiuy,  XewEut^Lmd  and 
Boston  ami  PuiviJcnee  Railroails,  thixmyli  their  lessor,  t)ie  New  York, 
Ni'W  Haveu  and  Hartford  liailroad  Company,  to  conueet  with  the 
terminal  loration  the  lirst  twu  by  means  of  a  new  six-traek  rolliug-lift 
dra\\liridge  o%er  Fort  Point  Chauueh  anil  the  third  hy  eonstnuting  a 
Very  dillieult  and  expensive  -stretch  of  fonr-track  road-hed  about  aniile 
.  long,  from  Dartmouth  Street,  on  the  Pack  Pay,  so-called,  to  the 
teriuiual,  alongside  of  the  road-bed  of  the  Boston  and  Albany  Rail- 
road, iu  the  heart  of  Boston. 

It  is  not  intended  in  this  papir  to  descrilie  further  the  \\  oi-k  done 
by  thi-  City  of  Boston  or  the  work  done  ou  the  connections  by  the  New 
York,  New  Haveu  aud  Hartford  Bailroad  Coniiiauy,  but  rather  to  de- 
scribe the  work  of  The  Boston  Terminal  Company  exclusively. 

The  laud  taken  (land,  exclusive  of  streets),  was  owned  by  fifty-six 
private  parties,  three  railroad  compauies  and  the  Commonwealth  of 
(  [assachusetts.  A  eonijdete  survey  was  made  of  the  entire  tract,  aud 
^^iif  eacli  indivnlual  piece  of  laud.  These  surveys  have  been  filed  in 
lilat-ljuiik  form  for  pernnini'ut  record.  Location  maps  and  descrip- 
tions were  also  made  fur  the  ]iublic  records,  as  required  by  the  charter. 
The  vahie  of  the  lands  thus  taken  for  the  terminal  aggregated  in  the 
Ueighborhood  of  ^^0  ODO  OOU.  It  was  necessary  to  make  thorough  search 
of  land  records  iu  order  to  interpret  the  survey,  as  there  wore  some 
joint  dockage  rights  aud  wharfage  grauts  which  could  not  be  otlier- 
wise  understood. 

BoUINOS. 

Borings  were  maile  at  various  points  all  over  the  site,  and  the  results 
are  faithfully  set  forth  on  the  cross  and  longitudinal  sections  of  the 
station.  Generally,  the  site  is  underlaid  with  clay,  mixed  with  some 
sand  aud  gravel,  and  pile  foundations  were  decided  upon,  the  jiiles  to 
be  held  firmly  by  friction. 

PrtE  Test. 

In  order  to  get  an  idea  as  to  the  supj)ortiiig  jjower  of  piles  iu  this 
clay,  three  ordinary  spruce  piles  were  driven,  aud  luuled  Avith  CO  tons 
of    pig-iron,  with   no   I'esultiug   settlement.     A  description   of   this  is 
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given  -ivith  Tig.  1,  Plate  XII,  more  iu  detail.  Tlie  value  of  siic-li 
an  isolated  test  is  questionable,  as  the  results  niiglit  ho  totally  ditl'ereut 
a  short  distance  a%vay.  In  this  instance,  however,  the  strata  being 
quite  uniform,  the  results  vera  considered  fairlv  indicative  of  what 
might  be  expected  gcncrallv  at  this  site. 

Originally,  the  entire  area  was  flooded  by  the  tide  at  high  water,  and 
several  series  of  wharves  had  been  built,  some  of  stone  work,  and  some 
of  timber  cribs  of  all  sorts  and  construction. 

ExCUMliliANCIlS. 

At  the  time  of  starting  the  work  public  travel  existed  over  streets 
to  be  abandoned;  sewers  were  in  use  upon  which  it  was  necessary  to 
expend  upwards  of  SlOO  000  to  readjust  them  to  the  new  conditions; 
water  pipes  and  hydrants  were  in  service;  and  telegraph,  telephone, 
electric  light,  police  and  fire-alarm  wires  were  in  the  way.  Electric 
conduits  and  gas  mains  also  encumbered  the  ground. 

There  were  many  leases  of  property  not  yet  expired,  even  after  the 
extinguishment  of  the  owners'  titles.  All  the  coal  in  the  great  coal 
pockets,  some  of  ^vhic■h  were  in  the  act  of  loading  up  from  vessels,  as 
well  as  all  the  stock  and  machinery  iu  the  various  buildings,  had  to 
be  removed  before  the  buildings  themselves  could  be  torn  do\\n. 
About  210  buildings  were  removed,  a  few  of  them  substantial  moderu 
structures,  but  mostly  old  dwellings,  storage  warehouses,  freight 
houses,  coal  pockets,  etc.  There  were  a  few  nurnufacturing  buildiuss 
and  two  very  large  gasouieters. 

Genek.^l  Pl.\n. 

While  the  above  work  was  going  on,  many  ])laus  were  made  fur 
the  general  layout  of  the  entire  station,  finally  resulting  in  the  double- 
floor  arrangement  which  has  been  constructed,  the  upper  floor  to  be 
used  for  regular  steam  railroad  trains,  and  tlie  lower  floor  for  suburban 
trains,  using  a  special  motive  power,  and  running  upon  the  same 
main  road-bed. 

As  the  railroad  tiallic  about  Dostou  has  some  characteristics 
diQ'ureut  from  almost  any  other  American  city,  a  short  account  of  the 
line  of  reasoning  which  led  up  to  this  form  of  station  will  not  be  out 
of  place. 

L'pon  the  railroad  routes  w  ithiu  ."jO  miles  of  Boston,  about  00  OOO  OOlt 
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jiassciigers  are  carried  to  and  froui  iLe  city  eaL-li  year.,  nearly  equally 
divided  lietween  the  NortL  and  Suntli  Stations. 

The  clu.se  appru-xiniate  pojiuhitiou  within  the  oO-niile,  or  say,' 
suburban,  limit  is  2  3'J2  000.  Within  the  .-ame  bniit  around  Phihidel- 
]ihia  it  is  2  2.89  000;  around  CLieayo,  1  18S  000;  around  St.  Louis, 
874  000;  and  around  New  York,  -1  754  000;  New  York,  only,  exceeding 
Boston.  Tliese  figures  show  tlie  reason  for  large  terminal  facilities  in 
Boston,  and  the  eNistence  of  the  Soutli  Terminal  Station.     ■ 

It  was  decided  at  an  early  date  that  the  new  station  must  be  so 
built  that  the  ne\i  motive  jjowers,  electricity  and  compressed  air,  one  or 
both,  could  be  used  tlierem;  that  a  large  increase  in  suburban  trains, 
due  to  smaller  train  units  and  more  frequent  service,  could  be  liad, 
and  that  every  effort  possible  shonhl  be  made  to  remo%e  the  handling 
of  baggage  from  the  passenger  platforms. 

The  first  jiLaus  contemphitod  only  a  single  floor  for  train  service, 
but  after  arranging  as  well  as  possible  for  the  various  controlling 
features,  making  numerous  studitsfor  the  exclusion  of  liaggage  trucks 
from  the  passenger  platforms,  and  developiing  several  ways  of  expedi- 
tiously handling  electric  cars,  considering  both  high  platforms  on  a 
level  with  the  floor  of  such  cars,  and  low  platforms  as  au  alternative, 
it  Avas  found  that  such  unusual  features  tended  to  use  up  space,  and 
that  instead  of  30  or  more  tracks,  xvhich  it  was  hoped  could  be  had, 
the  number  was  ridiiced  to  28.  This  was  discouraging,  as  the  old 
stations  contained  au  aggregate  of  25  tr.uks,  and  the  increase  of  only 
3  did  not  promise  that  opportunity  for  future  growth  which  it  was 
reasonable  to  expect. 

There  being  no  reasonable  hope  that  a  greater  w  idth  of  land  could 
be  secured,  attention  was  directed  to  the  iiossibility  of  divorcing  the 
suburban,  or  short-clistance,  service,  from  the  long-distance  service, 
and  placing  the  former  at  a  different  level,  thus  doubling  the  room  for 
tracks  on  certain  ;ueas.  The  first  sketch  of  this  sort  diverted  the  pro- 
jiosed  suburban  tracks  about  half  a  mile  from  tlu'  station,  and  by  a 
gradually  rising  grade  brought  several  trucks  on  cither  side  of  the  train 
shed  to  a  level  about  24  ft.  aViove  the  main  floor.  These  were  to  be 
stub  tracks,  like  those  on  the  main  floor. 

This  arrangement  did  not  do  away  an  itli  the  necessary  switch  system 
for  making  up  trains  outside  of  the  station  for  each  floor  level;  and 
upon  its  development,  it  was  seen  that  if  tlie  cievatcdstub  tracks  could 
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becounocttiJ  iu  the  fonu  of  looi)S,  the  traiu  movements  would  be  very 
much  lessened,  luid  tlie  iuuhIht  of  swiU-hes  iit  the  t-ntnmce  largely 
reduoed.  The  extreme  width  of  the  statiou  miide  the  loop  couueetion 
possibh',  aud  a  phiu  v  us  drawn  aocordiugly.  This  was  the  iirst  loop- 
truek  study.  There  was  some  doubt,  however,  ns  to  the  advisability  of 
having  upper  platforms  about  28  ft.  above  the  main  floor  (whicli  would 
be  the  case  if  high  phitforms  were  used)  ou  aceount  of  the  appearance 
of  the  structure,  the  diflioulty  of  handling  baggage,  the  nuisance  from 
the  smoke  aud  steam  of  the  locomotives  below,  as  well  as  the  advisa- 
bility of  avoiding  titairs.  The  approaching  grades  were  also  steeper 
than  was  desirable. 

The  possibility  of  a  suburban  loop-track  service  upon  a  floor  be- 
neath the  main  floor  was  considered  next.  As  the  main  floor  of  the 
station  was  designed  at  that  time  to  be  only  about  C  ft,  above  the 
highest  tides,  it  required  to  be  raised  to  the  highest  level  possible 
without  the  use  of  stairs  at  the  entrances  from  the  streets,  which  was 
prohibited.  The  main  floor  was  raised  4  ft.,  and  inclines  were  intro- 
duced at  the  entrances. 

Even  this  placed  the  lower  tiacks,  which  were  finally  designed  to 
be  17  ft.  below  the  ujain-floor  tracks,  7  ft.  below  very  high  tides.  This 
immediately  introduced  the  study  "of  waterproofing  this  great  area  to 
shut  out  the  water.  Due  consideration  showed  it  feasible  to  do  this 
without  prohibitory  cost.  Placing  the  loop-tracks  17  ft.  below  the 
main  floor  and  using  high  platforms  for  this  kind  of  service  made 
easier  approach  grades,  stairways  of  13  ft.  rise  iasleud  of  28  ft.,  as  was 
the  case  with  elevated  suburban  trucks,  sinipliticd  the  handling  of  bag- 
o-age,  improved  the  appearance  of  the  main  floor,  and  did  away  with 
the  smoke  nuisance. 

The  main  station  building  was  also  drawn,  set  back  from  Summer 
Street;  so  that  inclined  approaches  could  be  had  to  or  from  the  first 
loop-track,  as  well  as  to  tlie  main  floor.  Stairways  were  drawn  from 
the  main  floor  to  the  lower  lh)or,  so  that  all  persons  taking  loop-trains 
at  the  station  could  reach  them  by  going  downstairs  only. 

Before  the  loop  plan  was  adopted  it  was  drawn  iu  various  ways 
and  positions,  sometimes  with  two  loops,  sometimes  with  four, 
sometimes  with  curved  corners  and  some  straight  tracks;  also  tracks 
curved  throughout.  Studies  were  made  of  methods  of  handling  the 
passengers  and  building  the  curs. 
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Fig.  1. —General  Vitw  of  Wokk,  Jine  15th,  1B97. 


Fig,  2.  — Ge.nehal  View  uk  AVork,  Alci'st  16ru,  1S97. 
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Till'  ouo  gi-Ciit  f(uturc  «l,icli  luadn  tLo  loop  svstcm  atti-active  mms 
the  mal<ingof  this  givat  tfi miiKil  a  tlnoui^h  fetation  for  one  kind  of 
service  an,l  a  tenniual  station  for  the  otlar.  Suburban  trains  <]o  not 
<-arry  mails  exincss  nialt.r,  or  baj^gage  in  any  quantity.  They  carry 
people  only,  an.l  sl,,nil,l  be  run  frequently  and  got  out  of  the  way 
.  rai)iaiy.  The  throngli-'-tation  ulea  ma.le  it  possible  to  handle  as  many 
trains  at  the  terminal  as  it  is  possilde  to  run  over  a  main  line,  the 
trains  leaving  th.-ir  pa^s.-ngers  and  moving  on  without  switching.  If 
the  coming  motive  power  sljonld  be  electricity,  through  a  third  rail, 
it  will  not  conriict  with  the  immense  switching  system  winch  must  be 
maintained  at  so  large  a  terminal. 

As  this  station  must  eventually  jirovide  for  suburban  trains  from 
the  four  main  lines,  such  trains  must  leave  the  station  at  shorter 
intervals  than  trains  could  be  run  on  either  main  line' alone.  This 
was  provide.l  for  liy  arranging,  with  a  minimum  amount  of  switches, 
two  loop  tracks  to  be  used  alternately,  each  capable  of  holding  several 
trains,  one  track  to  be  filh-d  while  the  other  is  being  cleared.  By  this 
means  trains  can  remain  in  the  suburban  station  much  longer  than 
(dual  time  interval  between  trains.  Tlcse  loops  could  have  been 
\„i^anged  to  operate  with  even  a  less  number  of  switchesthan  designed, 
lMit  it  would  have  obliged  all  trains  from  some  routes  to  use  one  loop 
exclusively,  whereas  it  was  desirable  to  make  the  forward  loop 
available  for  all  routes  to  its  full  cai)acity. 

Taking  up  the  various  engineering  features  connected  with  the 
problem,  a  description  will  be  given  of  each  of  the  more  prominent 
ones  in  about  the  order  in  which  they  confronted  tlie  engineer. 

•  Coffer  Uam. 

Tlie  colTer  dam  which  it  was  necessary  to  construct,  and  without 
which  it  would  have  been  inijiossible  to  execute  the  work,  merits  a 
brief  description. 

As  the  borings  .show  an  underlying  stratum  of  clay  within  the  reach 
of  a  single  length  of  timber,  it  was  evident  that  a  continuous  timber 
^vall  driven  into  this  clay  close  enough  to  prevent  leakage  in  the  joints 
would  p.-.s.it,ively  e.xclude  the  water.  With  Ibis  sort  of  a  wall  sur- 
rnuu'ding  the  work  no  trouble  would  result  in  execution.  In  some 
bhues  this  line  of  timber  wall,  consisting  of  G-in.  .splined  hard  pine 
r'^'nks,  in  about  (0-ft.  lengths,  was  doubled   to  give  sufficient  lateral 
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streugtli  to  resist  jjiessure  from  open  water;  at  other  places  it  was  u 
single  line. 

WLerevcr  tliis  sheet  piliug  was  driven  it  was  uecessary,  H.'sl,  to  r-'- 
move  entirely  any  stone  or  timber  in  the  way.  .\ny  failure  to  ilo  this 
was  disastrous.  There  were  some  exasperating  delays  in  the  removal 
of  the  obstructions,  obliging  the  use  of  several  divers  and  a  wrecking 
outfit,  but  eventually  the  entire  terminal  excavation  was  shut  oil'  from 
the  salt  water  on  three  sides,  and  in  some  pockets  on  four  sides,  with 
this  timber  wall. 

From  the  very  start  up  to  the  present  date  there  has  been  no  flood- 
ing of  the  lower  floor,  the  coffer  dam  having  effectually  done  its  work. 
The  cost  of  this  dam  has  been  about  S75  000.  It  is  also  of  use  in  con- 
nection with  the  permanent  shutting  out  of  high  tides,  thus  reducing 
excessive  pressure  on  the  waterproofing.  By  some  it  has  been  consid- 
ered that  the  coffer  dam  presented  the  most  difficult  feature  of  th. 
undertaking,  and  that  without  success  in  this  particular,  it  would 
have  been  impossible  to  execute  the  work.  The  total  length  of  thi- 
dam  was  about  o  000  ft. 

WATEBMtOOriNG. 

The  permanent  waterproofing  .sheet,  which  underlies  the  whoh- 
lower  lloor,  consists  of  ten  layers  of  tarred  paper,  swabbed  together 
with  hot  coal-tar  iiitch.  The  layers  are  carefully  lapped,  and  all  built 
in  place.  This  continuous  sheet  of  waterproofing,  amounting  to  o6  nO^' 
sq.  yds.,  or  upwards  of  10  acres,  is  laid,  where  horizontal,  upon  a  con- 
crete base,  troweled  to  a  smooth  sttrface.  In  some  of  the  softer  place- 
boards  were  laid  down  under  the  concrete  base,  but  usually  this  ba^e,  ('• 
ins.  thick,  rests  upon  the  ground.  "SMiere  the  waterproofing  is  on  the  vci  - 
tieal  walls,  it  is  backed  up  with  8  ins.  of  brick  work.  In  all  cases  the  hori- 
zontal sheet  lies  between  the  pile  heads  and  the  granite  masonry  abo%.\ 

Upon  the  waterprooling  sheet,  where  it  is  not  weighted  down  with 
walls,  there  is  i)laeed  a  loading  of  a  ehea])  grade  of  Portlaud-cemiin 
concrete,  sufiicient  to  resist  the  upward  pressure  of  the  water,  whirl' 
is,  on  the  horizontal  layers,  about  500  lbs.  per  square  foot,  this  pressuii 
being  dependent,  of  cour.-.e,  on  the  elevation  of  the  sheet,  witli  rcfei- 
encG  to  the  ground-water  level.  In  some  pl.ues  the  weight  of  the  w  .ill- 
is  far  in  excess  of  the  water  pressure;  in  others,  where  ■  possible,  tli 
pressure  is  resisted  by  inverted  concrete  arches. 
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A  draiu-pipo  cliiiuuol  nuilerlifs  each  looii  ttack  for  its  eutiie 
leugtli,  ami  tliuso  Jisclinrge  iuto  the  suuip  well  ucar  the  power-house, 
where  both  raiu  \\ater  aud  auj' leakage  through  the  waterprootiDy 
fiuds  its  \wiy,  either  through  the  automatic  tide  gates  at  low  tide,  or 
is  pumped  at  other  stages  of  the  tide  iuto  the  Fort  Poiut  Chauuel. 
The  tarred  jiaper  isiutroduoed  iuto  the  waterprooliug  sheet  to  give  it 
a  fiber,  and  the  pitch  to  make  it  watertight.  It  was  uot  desirable  to 
have  the  sheets  of  paper  of  great  thiekuess,  as  that  would  permit  the 
paper  to  split  iu  its  owu  thiekuess,  but  rather  a  thiu  jiaper,  which 
would  saturate  to  a  greater  exteut,  and  to  make  up  for  thiekuess  by  a 
greater  number  of  sheets,  the  total  number  being  a  matter  of  judg- 
ment. The  coal-tar  pitch  should  spread  under  pressiue,  and  when 
warmed  in  the  hand  should  .spin  out  as  fjue  as  a  hair.  This  combina- 
tion of  pitch  and  jiaper  was  selected  in  preference  to  a  layer  of  asphalt, 
as  it  could  be  bent,  twisted,  knuckled,  abused  and  handled  more 
readily  than  the  asphalt,  which,  if  disturbed  very  much,  it  wa^ 
thought,  would  crack  clear  through.  It  is  not  believed  that  the  pitch 
will  volatilize  in  its  secure  ])osition  away  from  air.  Up  to  the  present 
time  no  leakage  in  this  great  area  has  been  discovered. 

The  waterproofiug  work  was  carried  on  regardless  of  the  tempera- 
ture. An  8-iu.  biick  wall  was  found  to  be  the  most  suitable  backing 
where  the  sheet  is  brought  up  back  of  the  walls.  Care  had  to  be 
taken  that  the  walls  should  not  slide  sideways  upon  the  pitch  before 
the  concrete  bracing  in  front  was  in  place. 

To  determine  the  pressure  likely  to  be  exerted  on  the  uuder  side  of 
the  waterprooliug  sheet,  the  following  line  of  reasoning  was  used: 

Elevation. 

Mean  high- water  level  is  about 10  00 

Extreme  high-water  level  (during  a  severe  storm  in 

1851)  is  registered  as 15.71 

.     Mean  low-water  level  is  about 0.00 

Extreme  low-water  level  is  about ^3.00 

Ground-water   level   some  distance   back  from  the 

water  front,  by  observatiou,  is  aliout 9.00 

showing  that  high  tides  do  uot  remain   up  long  enough   to   peuetrate 
any  great  distauce  through  the  ordinary  e.irth  filling. 

As  the  sheet-pile  colVerdam,  with  the  top  at  elevation  IG.OO,  put 
in  to  euablc  the  work  to  be  cairied  out,  was  to  be  left  iu   the  ground. 
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it  wiis  reasoned  that  extreme  liigh  tidi's  would  not  penetrate  beyond 
the  dam,  and  therefore  that  au  assumed  elevation  of  12.00  woiild  he 
Bale  for  any  })ossilile  coiiditiou.  Had  the  cofler  dam  entirely  sur- 
round the  site,  it  is  quite  likely  that  water  would  have  risen  inside 
of  the  dam  to  tht^  toji  of  the  sheathing,  biit  as  the  dam  does  not 
extend  entirely  aroiiud  the  work  there  is  ample  opportunity  for  the 
ground-water  to  stand  at  its  usual  level. 

Having  assumed  the  water  level  at  elevation  1'2,00,  as  giving  the 
maximum  hydro.'^tatic  jiressure,  it  only  remained  to  calculate  the 
required  loading  of  concrete  for  any  given  level  of  the  waterproofing 
sheet.  To  distribute  further  any  load  from  columns  over  the  sheet  as 
as  far  as  possible,  old  steel  rails  were  introduced  into  the  concrete 
wherever  it  was  jiossible.  These  ai-e  shown  in  the  various  sections. 
In  the  case  of  the  light  loading  uudi'r  the  loop-tracks  they  were  used 
to  distribute  a  surplus  loading  ou  either  side  to  the  area  under  the 
tracks.  They  are  also  placed  under  the  retaining  walls  so  as  to  project 
as  far  as  possible. 

Piling. 

All  the  jnles  used  have  been  of  spruce,  varying  fioni  '25  to  40  ft.  in 
length,  with  a  minimum  of  I2-iu.  butts  and  (i-in.  tips.  The  specifica- 
tions called  for  tht  sc  to  be  diiveu  their  full  length  into  the  ground,  or 
until  the  penetration  should  not  exceed  li  ins.  in  twelve  blow  s  from  a 

2  000-lb.  hammer  falling  20  ft.,  with  the  hammer  line  attached,  or  its 
equivalent.  The  spacing  generally  has  been  2  ft.  6  ins.  center  to  cen- 
ter, and  in  some  jjlaces  a  little  less.  The  loading  has  ranged  between 
8  and  10  tons  per  pile,  which  is  reasonable  in  friction  ground,  and  with 
piles  of  the  above  character.     In  some  places  the  penetration  was  from 

3  to  8  ins.  at  the  last  blow,  and  where  this  occurred,  additional  j)iKs 
were  used  to  reduce  the  loading.  In  all,  about  4'S  000  piles  have  been 
used.  The  cost  has  varied  from  $3.10  to  ■?5.00  each,  in  jjlaee,  depend- 
ing upon  the  length. 

Concrete. 

Three  ditl'crcnt  classes  of  concrete  have  been  used  in  the  work. 

/';/>/. — Ordinary  natural-cement  concrete,  one  ))art  cement,  two 
parts  sand  and  five  parts  screened  graved. 

(In  all  cases  on  this  work  screened  gravel  was  specified  in  order  to 
avoid   sharj)   stones   against    the   waterproofing   sheet.      Experience, 
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h.,w,-ver,  b.is  sliowu  tliat  this  was  not  absolutely  iiecessaiy.  This  has 
Ik'cu  hsclI  for  backing  inasoury  iu  granite- facoil  walls,  and  was  speci- 
ti,.,!  on  account  of  the  necessity  of  having  a  smoother  surface  on  the 
n-ar  of  the  walls  against  which  to  buikl  ''"^  water-pvooting  sheet.  It 
was  iliscovereJ,  however,  by  the  contractor's  men,  that  they  couUl  lay 
ui>  a  very  smooth  face  out  of  rubble  granite  and  mortar  when  required 
for  the  waterproofing  sheet,  and  at  about  the  same  cost.  This  was 
allowed  iu  places,  as  it  made  a  slightly  heavier  and  better  wall  when 
well  done.  Had  the  smooth-Vtacked  rubble  wall  been  specified,  it 
doubtless  would  have  raised  the  price  of  rubble  over  concrete,  on 
account  of  the  prospect  of  the  contractor  having  to  build  a  double- 
faced  wall,  but  when  the  trial  was  made  it  was  found  that  the  ditler- 
eucc  iu  cost  was  insig-nificant,  as  the  workmen  soon  adapted  the  work 
to  the  requirements. 

6'ecoKc/.— Portland-cement  concrete,  one  part  cement,  two  parts 
saud  and  five  parts  screened  gravel. 

This  has  been  used  where  it  became  a  part  of  a  foundation  to  sup- 
port columns  or  piers,  where  it  was  the  foundation  support  for  the 
waterproofiug  sheet,  where  used  as  an  inverted  arcli,  and  in  places 
where  it  was  necessary  to  deposit  concrete  iu  water. 

jy,/,.t/._Portland-ceniout  concrete,  one  part  cement,  three  or  four 
parts  sand,  and  six  or  seven  parts  screened  gravel,  the  proportious 
dejiendiug  on  the  size  of  the  individual  pieces  of  gravel. 

This  was  used  as  a  loading  for  the  waterproofiug  sheet,  and  was 
meant  to  be  only  a  reasouaJdy  stift'  loading,  but  it  has  proved  to  be 
almost  as  hard  as  rock,  and  cannot  be  cut  or  broken  except  with  stone- 
cutting  tools.  In  a  few  instances  concrete  of  this  class  was  used  as  a 
backing  for  walls,  rather  than  cause  delay  I'V  waiting  for  the  u^ual 
material.  ^Vheu  used  as  a  waterproofing  loading,  it  was  uot  raninu'd 
as  hard  as  otherwise,  as  it  was  desirable  that  seepage  water  should 
find  a  way  to  drains  provided,  without  coming  to  the  surface.  Nearly 
all  the  concrete  used  on  this  work  was  mi.xed  iu  a  Cockburu  IJariow  A- 
Machiue  Company  concrete  mixer.  The  work  was  carried  on  re-aid- 
less  of  temperature,  and  iu  cold  weather  no  special  pro\  ision  was  made 
except  to  thoroughly  heat  the  water,  sand  and  gravel  before  mixiug, 
which  was  done  by  steam  pipes  iu  large  bodies  of  the  material.  The 
cost  of  the  concrete  has  varied  from  S3.:i0  to  S5.00  per  cubic  y.n\\, 
according  to  classillcation  and  contract. 
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Cemknt. 

The  Portland  oeinout  used  tlirougbout  the  ivoik  was  the  Alpha 
bi'aud  of  Aiuei'icau  Portland  cement.  The  luasonry  and  concrete 
in  the  work  required  a  large  quantity  of  cement,  but  did  not  demand 
that  au  extra  tine  quality  he  used,  as  might  be  the  case  with 
work  done  uuder  running  water.  Specifications  were  purposely 
drawn  to  admit  the  use  of  any  good  average  brand,  foreign  or 
American,  either  slow  or  quick-setting,  with  the  object  of  opening 
the  bidding  to  lively  competition  and  a  low  rate.  The  specifi- 
cations reqiiired,  for  Portland  cement,  a  tensile  strength  of 
200  lbs.  per  square  inch  in  21:  hours,  having  stood  in  air  until 
set,  and  the  remaiuing  time  in  water;  and  for  natural  cement,  a 
tensile  strength  of  100  lbs.  per  square  inch  when  tested  in  the  same 
manner. 

This  method  secured  the  cement  at  very  low  rates.  About  75  000 
bbls.  of  Portland  cement  and  20  000  bbls.  of  natural  cement  have  been 
used,  and,  iu  the  case  of  the  Portland,  it  is  believed  that  nearly  SI 
per  barrel  was  saved  over  what  would  have  been  the  price  if  a  rigid 
specification  had  been  adopted  and  a  limited  number  of  brands 
allowed. 

A  great  many  tests  for  teu.sile  strength  were  made,  and  iu  no  case 
■was  it  necessary  to  reject  cement.  Owing  to  the  large  consumption  of 
the  mill  product,  only  a  small  amount  of  cement  could  be  kept  on 
Land,  and  it  was  impracticable  to  make  more  elaborate  tests  before 
the  cement  was  used  in  the  work. 

The  proof  that  the  cement  is  of  a  most  excellent  quality  lies  in 
the  actual  character  of  the  concrete  after  it  was  jiut  iu  jdace,  even 
the  poorest  qiudityof  concrete,  consisting  of  ten  parts  of  sand  and 
screened  gravel  to  one  part  of  cement,  requiring  the  use  of  hand 
stone-ciitting  tools  \\lKre  it  has  been  necessary  to  open  it  for  pipe 
duets  or  other  purposes. 

Owing  to  the  reduction  in  the  cost  of  manufacture,  and  the  ability 
to  use  Portland-cement  mortar  in  zero  weather  without  injury,  and 
also  the  possibility  of  obtaining  excellent  mortar  with  a  very  small 
pro2)ortion  of  cement,  making  the  cost  of  work  done  on  a  jjar  with 
natural  cements,  the  tendency  to  use  Portland  cement  exclusively  will 
undoubtedly  increase  very  rapidly. 
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Stone. 

Of  course,  in  eastern  New  England,  granite  is  aliout  the  onlj-  stone 
wliicli  can  be  obtiiiued  in  large  quantities  for  building  purposes,  and 
granite  was  used  tlu-o\igliout  in  all  foundations  and  retaining  walls. 
For  the  face  of  the  walls  of  the  subway  and  the  train-shed  jaiers,  the 
specifications  required  that  they  should  be  laid  in  courses  varying  in 
height  from  15  to  20  ins.,  alternating  header  and  stretcher  work, 
headers  never  narrower  than  their  rise  and  5  ft.  long,  if  the  wall  would 
permit;  stretchers  limited  to  8  ft.  long,  beds  to  be  as  wide  as  the  rise, 
to  be  without  slack  spots  of  greater  depth  than  1  in.  All  joints  to  be 
not  more  than  IJ  ins.  for  a  distance  of  12  ins.  back  fr-oni  the  face.  On 
account  of  having  a  granite  face  and  generally  a  concrete  backing, 
two  prices  were  used,  one  for  face  and  one  for  backing.  The  face 
masonry  has  generally  cost  a  little  less  than  olO  per  cubic  yard. 

The  grauite  used  in  the  work  was  brought  from  the  following 
quarries:  Stony  Creek,  Conn.;  Milford,  Mass.;  Eockport,  Cape  Ann, 
Mass.;  Pigeon  Cove,  Cape  Ann,  Mass.;  Mt.  Desert,  Me.;  Croacher's 
Island,  Me. ;  Deer  Island,  Me. ;  Xorthbridge,  Mass. ;  Fitchburg,  Mass. ; 
Pascoag,  R.  I.,  and  Milford,  N.  H.  In  addition  to  this,  large  quantities 
of  grauite  from  Quiucy,  Ma.^s.,  found  in  the  old  work,  were  used  again. 

CONSTBUcriON    DliAWINGS    FOl;   riLIKG,    M.\S0N1(Y    AND    TraCKS. 

A  scale  of  one-eighth  qf  an  inch  to  a  foot  was  adoi)ted  for  pile, 
masonry  and  track  plans.  This  divided  the  work  into  a  number  of 
sectional  sheets  about  i  ft.  wide  and  8  ft.  long.  The  longitudinal 
direction  of  each  sheet  took  in  the  entire  width  of  the  proi)erty.  The 
architects'  drawings  were  al.so  made  on  the  same  scale. 

A  main  base  line  was  adopted  and  stationed  on  the  longitudinal 
axis  of  the  train  shed,  and  cross-sectional  base  lines  at  intervals  of  100 
ft.  were  set  out  on  the  ground.  All  primary  locations  were  made  as 
so  much  right  or  left  from  stations  on  the  main  base  line. 

The  tirst  series  of  plans  covered  the  pile-driving.  Each  i)ile  was 
shown,  and  upon  an  office  blue  print  the  result  of  each  day's  work  wa.^ 
marked  oft',  ard  a  summary  tacked  on  to  the  progress  sheet. 

The  second  series  of  plans  covered  the  foundation  masonry.  Sutli- 
cient  sectional  plans  were  made  on  these  sheets  to  illustrate  the  details, 
and  they  were  complete  in  every  respect,  serving  to  govern  the  execution 
and  laying  out  of  the 'work. 
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A  third  series  covcieJ  the  truck  work,  a>nl  .showed  the  station  of 
each  sw-iteh  poiut,  frog  point,  point  of  curve,  apex,  grades,  eaeli  switcli 
tie,  interlocking  sui)portii,  signal  posts  and  bridge  supports,  and,  in  fact, 
everything  necessary  to  make  a  quick  field  layout  of  the  ties  and  ti'acks. 

These  plans,  being  all  ou  the  same  scale,  could  be  laid  over  one 
another,  and   any  important  discrepancy  be  detected   instantly.     Xo 

:3. 


STANDARD  SECTION  DOUBLETRACK  SUBY/AY  THROUGH    "PLACE  OF  REFUGE" 
Fig.  1. 

El       "0  <S 


TYPICAL  SECTION  THROUGH  SUBWAY  AND  SEA-WALL 
FlO    2. 

errors  of  any  moment  whatever  occurred  in  the  layout  of  the  work,  and 
it  was,  no  doubt,  due  to  the  comprehensive  muuncr  in  which  these  plans 
were  prejiared  that  such  a  clear  understanding  could  be  had  by  each 
workman,  and  that  rapid,  sure  and  economical  progress  could  be  made. 
These  plans  are  so  extensive  that  it  is  practically  impossible  to  repro- 
duce them  for  this  paper,  and  only  fragments  have  been  introduced. 
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Track  AnKANGK>ri-.NT. 
Not  the  least  of  the  station  problems  most  vital  to  the  successful 
operatiou  of  thes  station  is  the  track  arraugoment  necessary  just  out- 
sitle  of  tLe  station  for  the  safe  and  expeditious  liaudling  of  the  trains. 
It  is  believed  that  the  arrangement  adopted  is  simple  and  ample.  By 
it  the  station  may  be  operated  as  a  unit,  incoming  trains  on  one  side 
I 


INTERMEDIATE 
TRAIN  SHED  PIER 


SECTION 


SECTION 


and  outgoing  trains  on  the  other  side,  or  in  four  sections,  one  for  each 
of  the  four  main  lines.  There  are  eight  parallel  main  tracks,  two  for 
each  of  the  main  lines,  through  the  throat  of  the  yard;  and,  to  enable 
trains  to  i)ass  from  either  side  of  the  throat  to  the  other  side  there  are 
two  parallel  tracks  crossing  the  liiains  from  either  side  in  the  shape  of 
an  X,  or,  as  it  is  called,  a  double-track  scissors-crossing,  through  the 
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eight  uiaiu-yaiil  tr.icks.  Auotlier  siiigle-tnu-k  scissoi-s-cro^siug,  tliinugh 
tlie  four  iiiiiin  ti.u'k^,,  is  proviJoLl  for  the  subway  or  loou-track  system. 

The  JistaiicL'  between  the  head  liou.se  site  aud  the  Fort  Point 
Chauuel,  also  the  curved  tracks  connectiug  two  of  the  maiu  lines,  wa.s 
not  great  enough  to  peruiit  of  as  easy  curves  for  tlie  development  of 
the  eight  maiu  tracks  iuto  the  twenty-eight  train-shed  tracks  as  was 
desirable,  but  these  curves  have  been  keiit  down  to  a  minimum  radius 
correspondiug  to  10^  curves. 

The  express-yard  tracks  have  been  arranged  to  give  the  gieatcst 
length  of  track  oi)pusite  platforms,  and,  at  the  same  time,  to  permit 
of  shifting  cars  with  as  little  disturbance  of  other  cars  as  possilile. 
Other  yard-tracks  are  arranged  to  suit  the  various  desires  in  yaril  \sork. 

Number  eight  frogs  have  been  used  for  the  main-track  crossings 
aud  for  nearly  all  the  regular  turnouts  uu  the  main  yard  lines. 

Number  six  frogs  have  beeu  used  for  the  subway  crossing,  aud  in 
certain  places  in  the  yards. 

The  express  buildings  were  placed  upon  the  westerly  side  of  the 
yard,  and  the  power-plant  buildings  upon  the  easterly  side,  this 
arrangement  seeming  best  for  each  service. 

Platforms. 

With  the  exception  of  the  two  exterior  tracks  on  each  side,  the 
tracks  are  spaced  23  ft.,  center  to  center,  making  the  passenger  plat- 
forms 14  ft.  wide.  There  are  two  passenger  platforms,  one  on  each 
side  of  tiie  shed,  2:J  ft.  wi.le,  with  track  spacings  of  32  ft.,  center  to 
center. 

The  Vjaggage  ijlatlorms  are  8  ft.  wide,  track  spacing  17  ft.,  center 
to  center.  The  arrangement  for  baggage  handling  is  such  that  thcro 
are  nine  baggage  and  express  trucking  platforms  the  entire  length  of 
the  train  shed,  iudepeudent  of  the  passenger  platforms,  aud  an  under- 
ground passage  to  allow  the  baggage  trucks  to  cross  beneath  the 
tracks.  This  method,  which  it  is  believed  will  very  much  reduce  the 
baggage  nuisance  generally  exjierieuced,  refpiired  seventeen  baggage 
aud  express  lifts,  eight  iu  the  train  house,  four  in  the  baggage  rooms, 
and  five  in  the  express  buihiings.  Those  in  the  baggage  platforms 
are  protected  with  iron  fences  and  gates  with  automatic  attaclnmuits. 
These  lifts  are  described,  together  with  the  other  electiical  and 
mechanical  feature,--  of  the  jxjwer  plant,  in  another  part  of' this  paper. 
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'  Some  of  the.vf  iilatfoims   exteud   about  300  ft.  beyond  the  eud  of 

the  tiiiiu  slied,  uiaking  them  000  ft.  long.     They  were  built  of  timber 

(hard   i>iuel,  suifaced,  2x4  ins.,  nnd   tongued  aud  grooved,  for  a  first 

J  coustruetioD,  ou  account  of  the  tendency  of  the  newly  filled  material 

;  to  .seitle   irregularly  over  the  old  piers  aud  docks.     Eventually-  it  i.s 

^  inteiulid    that   they   shall   be  grauolithic.     They    are    so  con.structcd 

'  that,  by  removiug  cleated  sections  screwed  do-v\-n  over  the  sills,  they 

'  can  be  tamiied  u|i,  similar  to  track,  from  time  to  time. 

I 

{  K.UL. 

i  The  truck  rail  used  throughout  the  terminal  is  the  Xew  York,  New 

*  Haveu   aud  Hartford  Railroad  standard,  100-lb.  rail,  o\  ius.  wide  and 

''  C  ins.  high,  with  rail  head  'ij  ius.  wide. 

FKOCiS  .\ND  Switches. 

I  All  regular  turnout  switches  have  points  1.5  ft.  long  and  five  bridle 

l  rods,    connected  to    clij)K    with    turned  bolts,    nuts  aud    cotter    pins. 

:  Clips  are  connected  to  webs  of  rails  by  two  bolts. 

Slip  switches  have  points  15  ft.  long  for  the  number  eights  and 
15  ft.  long  for  the  number  si.xes,  with  four  bridle  rods,  fastened  as 
indicated  above. 

All  slip  crossings  have  a  ^-in.  x  7-in,    steel   plate  on  each  tie  from 
end  to  end,  and  one  tie  beyond. 
:  All  slip  crossings  have  movable  frog  points  (with  two  bridle  rods), 

10  ft.  10  ins.  long   for  the  number  eights  and  8  ft.  i  ins.  long  fur  the  j 

number  sixes.     All  other  frogs  are  rigid  bolted  frogs.  L 

Guard  rails  are  10  ft.  long.  J 

In  the  diamond   crossings,  the  rails  are   double  for  practically  the  ■ 

entire  diamond.      All   switches   aud   frogs  were  made  by  the   Kamapo  j 

I  Iron  Works.  •  ) 

i  BuMPiNCi  Posts.  i 


'I'here  are  5t  Ellis  jjatcnt  bumping  posts,  all  equipped  with  the 
standard  100-lb.  rail. 

B.\LL.\ST. 

All  the  ballast  in  the  subway  and  its  approaches  is  a  broken  traj)- 
roek  ballast  from  Merideu,  Conn.  All  other  ballast  is  ordinary  gravel 
ball.i^t. 
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Ties. 

All  rogulai-  8-ft.  tios  are  of  cbestuut  tiiuLer,  6x8  ius.,  fiutl  all 
special  ties  are  Georgia  hard  jjiue,  saved  to  dimensions,  generally  of 
7  ins.  deptli  by  9  ins.  face,  except  some  ties  witli  10  ius.  depth  for 
special  j)]aces. 

No  tie  preservative  has  been  used.  Upon  all  curves  the  Goldie 
tie-plates  have  been  placed,  and,  wherever  necessary,  substantial  cast- 
iron  rail  braces  have  been  used. 

Steel  Floohikg. 

The  •'  Thomson  "  shape,  or  rectangular  trough  floors  were  adopted 
in  preference  to  any  tyi)e  of  lloor  with  flaring  sides,  on  account  of  the 
necessity  of  spanning  the  subway  tunnel  with  the  thinnest  possible 
floor  over  all.  Girders  could  not  be  arrariged  so  as  to  come  u]) 
between  the  ties,  due  to  the  various  skew  positions  of  the  subway, 
therefore  a  floor  of  shapes  with  small  depth  could  not  be  made  on 
account  of  the  span,  which  was  28  ft.  in  the  clear.  The  troughs  are 
made  in  about  IS-iu.  depths,  and,  in  order  to  get  sufficient  flange 
metal,  cover-plates  are  used.  The  design  is  such  that  if  at  any  time 
in  the  future  the  position  of  the  tracks  is  altered,  no  alteration  w  ill  be 
required  in  the  floor.  Impact  allowance  was  disregarded  in  the  floors 
in  the  train  shed,  as  the  speed  of  trains  there  cannot  be  great. 
Having  adopted  this  type  of  floor  on  the  greater  portion  of  the  area. 
it  was  thought  best  to  continue  its  use  over  the  remaining  portion. 
The  weight  of  the  floor  girders,  columns  and  troughs  complete  is 
94  lbs.  per  square  foot.  Ventilation  from  the  subway  tunnel  is 
arranged  for  through  tlie  ends  of  the  inverted  troughs,  and  cast-iron 
grating  ventilators  in  the  baggage  platforms  over  the  lines  of  the 
retaining  walls. 

The  entire  top  of  the  steel  troughs  and  girders,  after  being  painted 
■with  two  coats  of  red  lead  and  oil  paint,  are  swabbed  with  an  asphaltic 
swab})ing  material,  costing  about  15  cents  per  horizontal  square  yard 
of  floor,  according  to  the  following  specification: 

"  Swab  the  entire  upper  surface,  vertical  and  horizontal,  of  all  the 
steel  trough  floors  with  one  coat  of  mineral  pitch  and  oil  put  on  at  a 
temperature  of  about  330^  Fahr. ,  and  mixed  in  a  proportion  of  about  K>'J^ 
of  mineral  pitch  (comnionly  called  'Trinidad  Asphalt')  and  loj'u  of 
crude  black  oil  [residuum  of  petroleum),  if  applied  in  warm  weather. 
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or  of  aliout  Ci'i^u  "f  )iiiiit--ral  i)itcL  und  SlJl'o  ui  cnule  l>l;ick  oil  if  ;ii)).>lied 
iu  cold  weather,  vaiyiuj;  the  iJiojioitiou  -vxithiu  theso  limits  to  suit  the 
temperature.  Iu  wariu  weather  the  swulibiii^  ou  veitieal  aud  inclined 
surfaces  to  be  done  only  a  small  amount  in  advuuce  of  the  ballast  work, 
on  aecoiiut  of  the  teudeucy  of  the  mixture  to  irawl,  under  a. hot  sun. 
The  mineral  I'iteli  to  \>e  either  the  trade  article  kuowu  as  'Kcflned 
Trinidad  Lake  Asphalt,'  which  contains  no  oil,  or  the  article  known  as 
'  paving  cement,'  which  is  the  same  with  an  addition  of  about  15%  of 
oil,  aud  which  oil  shall  be  considered  a  part  of  the  aljove-named  oil 
ju-oportion  or  percentage.  The  swabbing  nii.\ture  to  be  iirejiared  and 
heated  iu  kettles  at  the  site  of  the  work.  All  troughs  and  iron  to  be 
swept  clean  before  being  treated,  aud  no  work  to  be  done  in  the  open 
air  iu  wet  weather.  No  gas-tar  or  other  preparation  to  be  used.  Where 
steel  flooring  joins  girders,  or  at  other  opeu  joints,  an  asphaltic  mastic 
shall  be  used  to  close  the  openings  in  a  thorough  manner." 

UlJuu  this  swabbing  the  gravel  ballast  is  deposited'.  The  design  of 
this  swabbing  is  to  coat  the  steel  with  a  sul)stance  oily  in  its  nature, 
uiauy  times  thicker  than  tmy  paint,  and  to  thereby  keep  the  water 
away  from  actual  contact  with  the  steel  as  long  as  possible.  It  was  not 
idsi.-^able  to  place  this  swaltbiug  Coat  ',,  here  it  could  escape  through 
v>  the  open  coniiectious,  as  it  has  a  tendency  to  run  iu  hot  Aveather, 
causing  an  uupleasaut  ajipearance  where  it  shows  below. 

MiDw.^Y  Floor. 

The  space  between  the  head  house  aud  the  train  shed  proper,  called 
The  Midway,  is  directly  over  the  suburl>au  station,  and  this  area  is 
supported  on  steel  columns.  Brick  ari'hes,  with  enameled  brick  lining, 
are  turned  from  beam  to  Ijeam,  as  a  suitable  ceiling  for  the  suburban 
station.  Upon  the  toj)  of  the  arches,  the  floor  is  leveled  up  to  the 
underside  of  the  asphalt  surface  with  a  concrete  made  up  of  one  part 
Portland  cement,  five  parts  fine  cinders  and  ten  parts  coarse  cinders. 
The  asphalt  surface  is  the  usual  Barber  asjihalt  pavement,  made  of 
Trinidad  Lake  asphalt.  This  was  laid  2  ins.  thick,  at  a  temperature  of 
about  250°  Fahr.,  and  was  rolled  to  a  hard  surface  with  a  steam  road 
roller.  This  floor  is  CIO  ft.  loug  and  averages  90  ft.  wide.  No  provi- 
v'or  was  uiade  for  exp.iusiou  aud  coutractiou  "f  the  steel  girders  and 
beams,  and  there  is  no  evidence  of  uiovcuicnt  iu  eitln'r  the  steel  or  the 
asjilnilt  flour.  The  exiiansiou  of  each  piece  of  steel  is  apparently  taken 
up  iu  the  riveted  joints.  This  floor  has  an  inclination  of  1  ft.  VietweOn 
the  end  of  the  train  shed  and  the  rear  of  the  head  house. 
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Midway  Fenoi;. 

The  midway  feuec  is  a  woodeu,  round-picket  fence,  9  ft.  high.  Tlic 
posts  are  fastened  at  toj)  aud  bottom.  The  gates  are  iu  two  parts, 
rolling  back  on  the  fence,  making  openings  12  ft.  iu  width,  opposite 
each  j)assenger  platform.  These  passageways  are  very  liberal  for 
crowds,  aud  the  fence,  taken  altogether,  finished  in  natural  wood,  makes 
a  very  neat  appearance. 

Tkajn  Indicwtohs. 

Upon  this  fence,  against  posts  set  for  the  purpose,  ojiposite  the  ends 
of  each  of  the  twenty-eight  tracks,  are  the  train  indicators,  G  ft.  wide 
and  9  ft.  high;  all  but  two  carrying  four  cohimns  of  station  names, 
amounting  to  about  seventy-four  names  for  eachiudicator.  They  also 
give  the  track  number,  name  of  the  road,  and  the  leaving  time,  and  are 
worked  by  a  sort  of  iuterlockiug  machine.  Each  train  is  representeil 
by  n  card,  perforated  for  all  st;itioiis  except  those  at  whicli  the  train 
stops.  This  card  is  iuserted  in  the  machine  and  raised  with  a  lever, 
moving  the  rods  (e.xcept  at  the  perforatious),  which  turus  the  slats  on 
the  indicator.  These  indicators  were  made  by  the  Wheeler  and  Wilson 
Manufacturing  Company,  Bridgeport,  Conn.,  aud  are  tlie  largest  ever 
made  for  the  purpose. 

Tiuin-ShkI)  fyrKEL. 

The  train  shed  proper  is  a  rectangular  building  602  ft.  long  and  570 
ft.  wide,  divided  into  three  spans,  1C9  ft.  9  ins.,  228  ft.  C  ins.  aud  ICi) 
ft.  9  ins.,  respectively.  The  trusses  are  cantilevers,  and  this  form 
reduces  the  couuoctiug  trusses  iu  tin;  middle  span  to  li5  ft.  G,\  ins. 
The  irregular-shaped  areas  between  the  train  shed  and  head  house 
(irregular  ou  account  of  the  lay  of  the  stre>,-ts),  both  on  the  end  and 
sides,  are  covered  by  connecting  roofs,  that  at  the  end  being  called  the 
midway  roof. 

The  midway  roof  and  the  other  connecting  roofs  are  not  as  high  as 
the  eaves  of  the  train  shed  proper,  and,  therc:l'>iic,  there  is  a  row  of 
high  windows  ou  the  sides  of  the  train  shed  for  the  entire  length. 
Both  gable  ends  of  the  train  shed  are  tilled  with  windows.  There  is  a 
ceutral  longitudinal  nuiiu  mimitor  CO  ft  wide,  iu  tlie  sides  of  which 
are  both  window^  aud  louver  ventilators,  aud  ou  top   of  which  there 
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is  n  louvered  voutilatipg  monitor  IC  ft.  wide.  Over  each  intermediate 
truss,  ou  ciieli  slope  of  the  iii.iin  roof,  are  cross-monitors  about  14  ft. 
AviiU',  rvailiiug  from  ne:ir  tlie  eaves  to  the  luaiu  uiouitor.  These  cross- 
mDuitors  have  windows  aud  also  louvered  ventilators  in  their  sides, 
alternating  in  the  various  jianels.  There  are  no  windows  or  skylights 
on  the  slojie  of  the  roofs  or  monitors,  all  glass  bt-ing  set' on  the 
vertieal. 

The  eolumns  aud  trusses  are  jilaced  GO  ft.  apart,  center  to  center, 
longitudinally  of  the  shed.  The  side  columns  are  in  box  form,  and 
are  anchored  to  the  niasoury  to  resist  uiud  pressure.  The  interme- 
diate columns  are  not  thus  anchored,  except  at  the  end  panels,  but 
carry  the  major  part  of  the  weight  of  the  roof. 

The  cantilever  tyjie  for  intermediate  trusses  permitted  the  making 
of  an  arch  form  to  the  various  spjans  without  unduly  increasing  the 
■Weight  of  the  trusses.  This  arched  form  could  not  have  been  obtained 
without  the  ca)itilever  principle,  except  at  considerable  expense  for 
extra  weight  of  metal.     .\11  the  train-shed  trusses  are  pin-connected. 

.\t  each  panel  jooiut  in  the  trusses  is  iusL-rted  a  vertical  web  mem- 

•r,  against  which  are  fastened  the   purlins,  so  that   all  the   purlins, 

liich  are  riveted  triangular  trusses  about  7  ft.  9  ins.  deep  and   20  ft. 

^■^ijiart,  stand  in  a  vertical  position.      Upon  these  purlins  are   small   I- 

beam  jack-rafters,  7^  ft.  apart. 

Beginning  :d  each  end  of  the  shed,  the  trusses  and  columns  are 
braced  longitudinally  in  pairs,  until  the  center  is  reached,  where  three 
trusses  and  columns  are  braced  together.  .Vt  the  end  i)airs,  the  longi- 
tudinal bracing  is  brought  to  the  ground.  The  end  trusses  are  not 
cantilevers.  The  longitudinal  expansion  and  contraction  is  taken  care 
of  between  the  braced  jjairs  of  trusses.  The  transverse  expansion  and 
contraction  is  taken  care  of  in  the  intermediate  trusses,  at  the  end  of 
one  of  the  cantilevers,  on  a  hinged  post,  acting  as  a  vertical  link; 
and  at  the  end  trusses  liy  supporting  the  foot  of  the  inclined  end  post 
by  eye-bar  hangers  inside  uf  oue  of  the  intermediate  end  posts,  the 
niovement  in  the  roof  covering  taking  pdace  at  the  top  of  the  inclined 
end  post,  which  is  ou  a  line  with  the  ends  of  the  cantilevers.  The 
roof  covering  is  made  tight  at  the  expansion  joints  by  simply  Lapping 
>'ie  jiighor  pyj-tJQj;  of  the  roof  covering  over  me  lower  portion.  On 
the  i-ides  au<l  top  of  the  cross-monitors,  and  at  the  ends  of  the  shed,  a 
■•iniilar  lap  in  the  covering  is  made.     At  the  lower  chords  of  the  end 
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trusses  tliei-u  are  large  hori- 
zoutal  wiud  trusses  wit li  liitticeJ 
mciubers.  The  gable  entls  are 
also  braced  by  au.l  from  the  cud 
jmrlins. 

The  midway  roof  is  aueliored 
at  the  head-house  end  of  each 
truss,  aud  is  supported  at 
the  traiu-shed  end  by  eye-bar 
hangers,  indirectly  from  the 
lower  chord.  As  these  midway 
trusses  are  square  to  the  head 
house  aud  sjjaeod  at  irregular 
intervals  to  suit  the  pilasters  of 
the  head  housr,  tlu-y  do  nut 
come  at  the  panel  points  of  the 
eud  train-shed  tru.-.s,  aud  a  still 
horizoutal  member  is  placed 
along  under  the  lower  chord  of 
the  end  truss  aud  fastened  to  it 
at  the  panel  points,  to  give 
support  to  the  midway  truss- 
hanger.s  at  any  point. 

The  conditions  which  gov- 
erned the  architecture  of  the 
midway  roof  v.ere  as  follows: 

A  flat-iron  shaped  area,  w  ith 
a  maximum  and  mininiuui  width 
of  130  and  50  ft.,  respectively; 
a  demand  that  it  should  not  be 
high  enough  to  shut  out  light 
from  the  cud  of  the  tiaiu  shed 
or  from  the  olliccs  in  the  head 
house;  so  airunged  that  lit,'ht 
and  veutil.ition  should  be  had 
for  the  main  v.aitiug-rc^om;  and 
withi.ut  any  post  sujjports  in 
the  midway.     It  appeared  to  be 
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iiccfs^:irj,  tlui-eforo,  to  ailujjt  a  depth  of  tiuss  mIjIi-Ii  ^^■oul(^  be  snitiihle 
for  ii  r;0-ft.  >ii.'iu,  or  :i.  130-rt.  kihu,  Tliih  resullea  iu  a  rivetea-lattice 
tru:-5,  with  tlie  luittoia  eliord  as  Ligli  as  possible,  goveruej  by  tlie 
winilo-\v.s  of  tlie  waitiug-rooiii,  uad  iu  order  to  raise  the  apjjareiit  head- 
room as  iiiueh  as  possible,  higli  )iioimors  were  jihu-rd  above  the  top 
chords,  iu  the  sides  of  which  were  plaeed  the  windows,  which  liyht  aijj 
ventilate  the  midway  thoroughly.  The  low  aj.pearaure  of  the  midway 
roof  has  been  the  subject  of  some  criticism,  Imt  in  order  to  meet  the 
practical  demands  of  the  sinronniling  parts  of  the  station,  no  great 
variation  could  be  made,  other  than  perhai)s  a  less  number  of  trusses, 
more  purlins,  and  a  more  ornamental  treatmeut. 

All  the  connecting  roof  trusses  are  of  the  riveted-lattiee  type. 

The  specifications  for  the  steel  iu  these  roofs  and  the  Hooriug  was, 
in  brief,  as  follows  : 

Opeu-liearth  steel,  to  contain  not  more  than  O.OCi%  in  basic,  or 
O.Oti^'o'' iu  acid,  of  phosidioins,  nor  O.Oj,V  of  sulphur.  Ultimate  ten- 
sile strength  to  range  from  52  000  to  00  000  11)5.  Elastic  limit  not  less 
than  OO^o'  of  ultimate  strength.  :\Iiuinium  elongation  of  2G»^  iu  Sins., 
:'id  a  minimum  reduction  of  area  of  oO  per  eeut.  Rivet  steel  to  have 
iltimate  tensile  strength  to  range  from  .jO  OrO  to  50  OOO  lbs.,  with 
^i«!!iiiiiuiu  ilougation  of  009^  in  8  ins.,  and  minimum  reduetion  in  area 
of  CO  X'cr  cent.  For  bending  tests,  the  usual  requirements  for  bridge 
spceitieations  were  insisted  upon.  All  the  steel  was  inspected  at  the 
rolling  mill,  and  found  to  be  of  good  quality,  calling  for  very  little  rojec- 
tiou.  The  work  was  oiled  and  pointed  with  one  coat  of  red  lead  and  oil 
at  the  shop,  and  has  had  anotlier  coat  of  red  lead  and  oil  since  erection. 

The  thankless  and  hopeless  task  of  selecting  a  final  color,  and  a 
paint  which  will  preserve  the  uu-tal  intact  and  at  the  same  time  be 
beyond  all  criticism,   has  not  yet  been  undertaken. 

The  specifications  for  loading  on  the  roof  and  midway  floor  and 
tiaeks  were  as  follows  : 

F/,■.^/.  — Roofs. 

Vertical;  the  dead  weight,  plus  25  lbs.   per  square  foot  of  roof 

surface. 
Horizontal;  a  wind  force  of  30  lbs.   per  square  foot  of  vertical 
surface. 

.^.ro«,/.  — Midway  Floor. 

The  dead  weight,  plus  150  lbs.  per  square  foot. 
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I  .           Third.— TvslcU. 

\  '                           Dead  \veigLt,  jilus  a  rolliug  louJ  for  a  singlc-a\le  load  of  50  000 

;  lbs.,  or  axle  loads  as  follows  for  weights  and  si>aeiug: 

;  14  000  lbs. ,  40  000  lbs. ,  40  000  lbs. ,  40  000  lbs. ,  40  000  lbs. ,  22  000 

!  ■           .                   lbs.,  22  000  lbs.,  22  000  lbs.,  22  000  lbs.;  7'  0",  5'  G",  4'  G", 

§  5' 6",  12'  0",  5'  0",  5'  C",  5'  0". 

[  Allowed  unit  strains  were,  in  brief,  as  follows: 

':.  '                Fir:<l. — Roofs. 

;'  Tension,  eye-bars,  16  000  lbs.  per  square  incb. 

■  \                              Tension,  built  sections  and  counters,  15  000  lbs.  per  square  inch. 

Tension,  laterals,  IS  000  lbs.  per  square  inch. 

Compression,  in  pounds  per  square  inch: 

^.      ,        ,                12  000 
Fixed  ends, f-^ 

1  + 

Hiuged  ends,  


36  000  !•"- 
12  000 


1+      '' 


18  000  j-2 

Combined  fiber  strfiius  from  bending  and  direct  strain,  and  com- 
bined direct  strain  from  vertical  and  horizontal  bending. 
Tension,  18  000  lbs.  per  square  inch. 
Comprfssion,  in  i)ounds  per  square  inch: 

14  000 
Fixed   ends, j- 

^  "^  "3t)l)00  r" 

.    ,        ,                 14  000 
Kinged  ends, ,- .         .  . 

^  "^  TslooT^ 

Second. — Midway  Floor. 

Tension,  15  000  lbs.  per  square  inch. 
Compressiou  in  columns,  in  pounds  per  square  inch: 
12  OOP   

^  +  ':36  000r5~ 
Compression  tl.mges,  same  as  tension. 
Shear  in  webs,  9  000  lbs.  per  square  inch,  or 
12  000 

..     ^       3  000/^ 
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Tliii-d.—Ti-acks. 

Tensiou,  9  000  lbs.  per  square  iucli. 
Compression  in  columns,  in  pounds  per  square  ineli: 
8  000 


3G  000  )-2 

Compression  flanges,  same  area  as  tension. 
Shear  in  -vvebs,  7  500  lbs.  per  square  inch,  or 
10  000 

1+        ''         ' 


3  000  r- 

Bending  strains  in  pins,  20  000  lbs.  per  square  inch. 
Bearing  on  pins,  IS  000  lbs.  per  square  incli. 
Bearing  on  rivets.    Enclosed  bearings,  16  000  lbs.  per  square  inch 
in  the  roof  and  midway  floor;  15  000  lbs.  per  square  inch 
under  tracks.      Unenclosed  bearings,  15  000  lbs.  per  square 
inch  in  roof  and  midway  floor;   12  000  lbs.  per  square  inch 
under   tracks.      On    field    rivets,    the   above   strains   were 
decreased  25  per  cent. 
The  workmanship  was  required  to  be  similar  to  that  called  for  in 
tlie  usual  bridge  specification. 

The  -work  was  accurately  punched  and  not  reamed. 
Copies  of  all  shipping  invoices  were  forwarded  to  the  engineer  of 
the  Terminal  Company,  aud  the  actual  scale  \veights  at  the  shop  were 
checked  by  calculated  weights  by  the  Terminal's  Company's  engineer. 
On  the  total  of  about  20  000  000  lbs.  of  steel,  these  weights  agreed  within 
about  J  of  1  per  cent.  Payments  were  made  on  the  scale  -weights,  as 
made  at  the  shop.  Monthly  payments  were  made  on  the  material 
received  and  erected,  aud  on  material  delivered  on  cars  in  the  storage 
yard  at  Boston,  when  consigned  to  the  Terminal  Company  aud  not  to 
the  contractor. 

Train-Shed  Covekixg. 
The  main  roof  aud  side  coveriog  is  a  2-in.  touguod  and  grooved 
hard  pine  sheathing,  in  8-in.  widths,  nailed  with  iron  wire-nails  to 
strips  bolted  to  the  jack-rafters.  This  sheathing,  upon  the  main  sweep 
of  the  roof  and  on  the  tops  of  the  monitors  of  the  midway  roof,  is 
covirod  with  "  Warreu's  "  anchor  brand  composition  rooting,  made 
np  as  follows: 
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Two  thicknesses  of  double  roofmg  felt,  nianila  side  down;  two 
thicknesses  of  iiMtiual  a.^ijlialt  rooliug  felt,  each  sheet  raopued  under 
its  full  width  and  ujiou  the  top  surface  with  natural  asphalt  roofing 
cement,  upon  wliieh  is  laid  a  sufficinut  body  of  well-screened  dry 
white  Long  Island  beach  gravel. 

The  tops  of  all  monitors  on  the  train-shed  roof  and  the  main 
portion  of  the  midway  and  couuectiDg  roofs,  as  well  as  all  side  and 
end  sheathing,  are  covered  with  16-oz.  copper,  as  are  also  all  of  the 
exterior  main  parts  of  the  window-frames  in  the  ends  and  sides  of  the 
train  shed  and  the  sides  of  the  monitors.  All  flashing,  cornices, 
gutters  and  dowu-si)Out  connections  are  of  copper. 

The  train  shed  and  midway  are  lighted  through  asbestos-covered 
wire-glass,  bedded  in  j)atty,  fa>itened  in  with  wooden  strips  in  wooden 
sash,  fastened  with  brass  screws  to  wooden  frames  bolted  to  the  train- 
shed  steel.  All  the  glass  is  set  vertically,  and  permanent  foot-walks 
have  been  provided,  so  that  it  will  be  possible  to  reach  each  i^ane  of 
glass  in  the  shed  at  any  time  with  brushes  and  water  to  keep  it 
reasonably  clean.     The  glass  is  ^-in.  thick. 

It  is  not  intended  that  it  shall  be  necessary  to  shovel  any  snow 
from  the  main  roof.  All  the  down-spouts,  which  are  8  ins.  in  diameter 
and  generally  60  ft.  ajjart,  are  covered  with  jackets,  and  steam  2)ipes 
have  been  run  between  the  sj)outs  and  the  jackets  to  keep  them  from 
freezing  in  the  coldest  weather. 

The  ventilators  are  made  of  timber,  are  of  ordinal-^-  louver  pat- 
tern, and  are  distributed  ipiite  uniformly  throughout  the  monitors. 
Ventilation  over  the  midway  is  obtained  by  ojiening  some  of  the  win- 
dows in  the  monitors.  All  the  woodwork  is  covered  with  three  coats 
of  white  lead  and  oil  paint,  the  finishing  color  being  on  tlie  outside  a 
dark  green  or  copper  color,  and  on  the  inside  a  medium  drab. 

It  is  believed  that  this  is  the  first  instance  where  foot-walks  have 
been  provided  on  such  an  extensive  scale,  practically  to  every  window, 
in  any  train  shed,  and  where  the  lighting  is  done  e.Kclusively  through 
vertical  windows.     The  result  has  been  very  satisfactory. 

UE-iD    HOUSK. 

The  main  entrance  to  the  station  is  at  the  intersection  of  Federal 
Street,  Summer  Street  and  Atlantic  Avenue,  and  it  is  here  that  the 
main  architectural  features  of  the  station  are  found. 
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The  builJiug  extends  from  this  entrauco,  792  ft.  aloug  Atlautio 
..\\"'-"L'  (formerly  Cove  Street),  and  aloug  SuM'Mi'n-  Street  GT'i  fl.;  then 
tiiruiug  the  coruer  of  Dorchester  Aveuiie,  it  extends  72.5  ft.  further, 
making  the  total  street  frontage  of  the  head  house  2  189  ft.  Two 
stories,  for  this  entire  length,  are  given  uj)  to  statiou  purposes,  and  the 
three  upper  floors  of  the  five-story  building  are  used  for  ofliee  pur- 
poses by  the  operating  railroad  companies. 

The  five-story  building,  or  main  otKee  building  (in  the  middle  of 
which  is  the  main  entrance),  is  875  ft.  long,  of  which  228  ft.,  or  the 
portion  a,t  the  main  entrance,  is  curved. 

Of  the  curved  portion,  two  stories  form  a  massive  base,  in  whick 
are  the  three  large  arches  forming  the  entrance.  The  upper  three 
stories  are  treated  as  a  colonnade.  There  are  sixteen  of  these  columns, 
4i  ft.  iu  diameter,  and  42  ft.  high.  These  columns  supijort  an  en- 
tablature and  parapet,  with  a  itrojectiug  pediment  over  the  center. 
Above  this  pediment  is  a  clock,  with  a  dial  12  ft.  in  diameter,  iu  an 
elaborate  granite  sotting.  Over  the  clock  is  a  large  grauite  eagle,  with 
wings  partly  spread,  stooijing  a.s  it  just  ready  for  flight.  This  eagle  is 
about  8  ft.  higli,  and  the  same  breadth  over  the  wings. 

In  front  of  the  building,  opposite  the  center  of  the  main  entrance, 
there  has  been  erected  an  ornamented  iiolished  grauite  column,  upon 
a  heavy  polished  granite  base,  to  carry  five  large  electric  lights.  This 
column  is  about  41)  ft.  high. 

The  curved  portion  of  the  building  is  of  cut  granite,  and  nearly  all 
the  remaining  frout  of  quarry-faced  granite,  laid  in  courses.  Upon 
the  front  of  each  wing  of  the  five-story  building  there  are  large  panels 
of  bufl'  brick,  which  relieve  the  severe  appearance  of  the  grauite. 

There  is  a  secondary  entrauce  to  the  statiou  from  Atlantic  Avenue, 
also  an  exit  from  the  subway.  The  remainder  of  the  front  on  this 
avenue  is  devoted  to  tlie  outward  baggage-room,  the  doorways  being 
protected  by  an  iron  aud  glass  awning,  extending  out  suflicieutly  to 
cover  all  baggage  \n  transit  from  the  wagons  to  the  building. 

Ou  the  Summer  Street  aide  there  is  a  series  of  large  arched  windows 
to  give  light  to  the  waiting  room;  beyond  these  is  the  main  exit,  a 
wide  passageway  leading  directly  from  the  midway  to  the  street  and 
passing  over  the  subway  inclines  by  a  bridge.  These  inclined  subway 
exits  are  below  the  ground-floor  level,  aud  lead  up  to  the  street  from 
the  subway  platforms,  avoiding  the  use  of  steps. 
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The  carriage  coucourse  is  at  the  coruur  of  Dorcliestcr  Avenue  aud 
Summer  Street.  Opposite  the  tiaiu  shed,  on  the  Dorchester  Aveune 
Bide,  is  the  inward  haggage  room,  about  550  ft.  long.  Here,  again,  the 
doorways;-  '  '-amsare  protected  by  an  awning.  The  awning  along 
Summer  Street  is  about  40  ft.  wide,  and  protects  the  subw  ay  exits  as 
well  as  the  sidewalk. 

The  side\uilks  all  around  the  station  are  lighted  by  the  Terminal 
Company  from  their  own  electric  plant. 

The  main  entrance  is  a  thoroughfare  90  ft.  wide,  lined  on  each  side 
with  polished  Stony  Creelc  granite.  Within  the  entrance  are  four 
large  polished  granite  columns,  about  3^  ft.  in  diameter,  which  sup- 
port the  ofKccs  above.  In  the  polished  side  walls  are  cut  the  date  of 
the  erection,  the  names  of  the  constituent  railroad  companies,  and  the 
trustees  of  the  terminal  company,  also  the  names  of  the  mayor,  engi- 
neers, architects  and  builder.  The  ceiling  is  of  white  enameled  buick, 
and  the  iron  beams  n,r  enclosed  in  white  marble. 

Opening  from  the  midway,  on  the  right,  are  the  parcel  room,  en- 
trance to  elevator  and  stairway  hall  leading  to  the  ofllees,  and  the 
outward  baggage  room.  On  the  left  are  toilet  rooms,  telegraph,  tele- 
plume,  ticket  oOices  and  information  bureau,  separated  by  openings  to 
the  waiting  room.  The  tic-kct  office  has  eleven  windows  opening  on 
the  midway  and  sixteen  on  the  waiting-room  side. 

The  waiting  room  is  2-25  ft.  long,  65  ft.  wide,  and  281  ft.  high,  and 
out  of  the  line  of  traffic.  The  floor  is  marble  mosaic,  laid  with  a  large 
and  handsome  imttern.  The  sides  have  a  dado  of  enameled  brick,  set 
on  a  polished  granite  base,  and  above  this  the  walls  aie  of  plaster- 
tinted.  There  are  three  polished  granite  doorways,  and  two  Yerd- 
antique  drinking  fountains.  The  room  is  lighted  during  the  day 
time  from  windows  on  Summer  Street  and  also  from  windciws  above 
the  midway  roof  (\vhicli  was  kept  low  partially  for  this  purpose),  and 
by  night  from  1  200  incandescent  lamps  distributed  along  tlie  side  walls 
and  in  the  deep  modeled  stucco  cotlered  ceiling,  giving  a  beautiful, 
unobtrusive  and  well-ditfused  light.  Along  one  side  are  arranged 
great  oak  settees,  placed  to  form  alcoves.  On  the  middle  axis  of  the 
room  are  two  large  ornamental  kiosks  for  the  sale  of  confectionery  and 

flowers. 

The  women's  waiting  room  is  entered  from  one  corner  of  the  main 
waitin"  room.     This  room  is  31  by  44  ft.,  and  is  furnished  with  rock- 
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ing  chitirs,  louugt's,  taMcs,  cribs  ami  oraJIes.  Adjoiuiug  are  ample 
free  ami  par  lavatories. 

At  *li'^  easterly  euJ  of  the  waiting  room  is  the  main  e.\it  aiul  stair- 
way to  tlie  subway,  also  au  elevator  to  tbe  offiecs  au  J  subway.  Beyoml 
the  exit  i.s  the  luueli  room,  G7  by  73  ft.,  with  marble  mosaic  floors  anil 
side  walls  similar  to  tbe  waitiug  room.  Hei-e  are  al)out  200  stools  at 
the  luneh  counters,  which  latter  are  made  with  Tennessee  marble  face 
aud  mahoganj'  tops.  Next  comes  the  serving  room,  also  the  elevator 
aud  stairway  to  three  large  dining  rooms  on  the  second  iloor.  The 
kitcheu  and  other  serving  rooms  are  also  on  the  second  floor.  Near 
this  last  elevator,  on  a  mezzanine  tioor,  is  an  emergency  room,  with 
proi)er  instruments  and  attendants  for  giving  first  aid  to  the  sick  or 
injured.  Following  along  the  midway  are  the  station  master's  office, 
barber  shop,  shoe-i)olishing  room,  public  lavatory,  smoking  room  and 
carriage  and  transfer  ofKce,  aud  at  the  extreme  end  of  the  midway  is  a 
passage  to  the  iuward  baggage  room. 

In  the  midway  are  arranged  five  large  booths,  for  the  sale  of  news- 
pajiers,  fruit,  tol'acco,  drinkables,  aud  for  the  rendezvous  of  the  bag- 
gage porters. 

Below  the  maiu  tloor  are  rooms  for  baggage  storage,  emigruuts  and 
restauvaut  purposes. 

The  second  tioor  is  occupied  by  the  administration  offices  of  the 
Terminal  Compauy,  and  the  traiiimeu. 

The  third  tloor  is  occupied  by  tln'  main  ofllces  of  The  Boston  and 
Albany  Eailroad  Company,  aud  the  fourth  and  fifth  floors  l>y  the 
local  offices  of  The  New  York,  New  Ifaveu  and  Hartford  r.aihoad 
Company. 

There  are  nearly  100  clocks  throughout  the  buildings,  all  self- 
wiudiug,  and  governed  by  electric  connections  from  the  master  clock  in 
the  station  master's  office.  There  is  also  installed  a  system  of  watch- 
man's magneto-alarm  clocks,  a  magneto-box  being  placed  near  each 
treasurer's  vault,  as  well  as  at  other  suitable  points. 

All  the  de])artmeuts  are  sujiplied  with  ample  fire-proof  vault 
accommodation,  the  largest  being  11  x  21  ft.,  and  used  to  hold  eugi- 
u>ei-s'  plans.  Fire-alarm  boxes  and  push-buttons  are  arranged  at 
suitj.bk-  points  and  connected  with  thi'  city's  tire-alarm  system,  and 
niinablti    hose    reels   are   also   installed    at   various  jdaces  about    the 

I'r.liii.„;S. 
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Norcross  Brotlieis,  of  Worcester,  JNlass.  (0.^Y.  Norcross,  pi-oprit'tor), 
were  the  coutrrtctors  f;r  the  entire  head  house,  including  the  foi""ln- 
tions,  the  t'ouudations  for  the  ti'aiu  shed,  the  train  shed  and  couucetiug- 
roof  coverings^  also  for  the  express  and  power  buildings,  and  nearly 
all  the  subway  foundations  and  masonry. 

PLVSiniNli. 

Throughoiit  the  ternunallmildings  there  are  about  45  toilet  rooms, 
fitted  uj)  with  first-class  ai)paratus,  generally  known  under  the  trade 
name  of  "  Sanitas  "  tixtures.  All  the  water-closets  in  the  free  pulilie 
lavatory  rooms  are  automatically  flushed  by  the  seat  movement.  The 
closets  iu  the  ])ay  and  otiiue  lavatories  have  a  chain  pull.  There  are 
upwards  of  '200  water-closets.  The  urinals  are  automatically  tiushed 
at  adjustable  intervals.  Nearly  all  fixtures  are  connected  with  the 
ventilating  fans  iu  the  attics. 

In  all  the  principal  toilet  rooms  there  are  porcelain  slop  sinks, 
fitted  with  hot  and  cold  water,  as  well  as  an  ample  supply  of  wash 
bowls  and  mirrors.     Tm  the  train  men  there  are  several  shower  batli^. 

Each  toilet  room  has  au  asjihalt  floor,  and  a  pail  and  broom 
closet. 

The  restaurant  i>lumbing  is  equiiJjied  with  large  grease  tra])s,  and 
there  is  a  thoroughly  ventilated  swill  room,  where  the  swill  buckets, 
after  being  emptied,  can  be  cleansed  with  liot  water  upon  the  floor. 
This  room  being  below  the  street  sewer  level,  the  wash  water  is  lifted 
by  means  of  a  "  Shone  pnttimatic  ejector." 

W.ITEI;    SflTLY. 

The  water  used  throughout  the  terminal  is  taken  from  the  city 
water  mains.  For  the  fire  supply,  from  the  high-service  pipes,  it 
enters  the  building  at  five  dill'ereut  i)laces,  and  a  complete  outfit  of 
staudpipes  and  hose  is  established  from  basement  to  attic.  For  the 
general  supply,  the  water  is  taken  from  the  high-service  mains  for 
the  tive-story  building  and  from  the  low-service  mains  for  the 
otlier  buildings  .  A  12-iu.  nutin  is  laid  clear  across  the  yard  near  the 
end  of  the  train  shed,  from  which  a  supply  is  obtained  for  locomotives, 
through  stand  pipes,  and  tlirough  whieh  a  circulation  is  maintained, 
so  that  it  is  practically  impossible  to  deprive  the  power  house  of 
water.     The  gcui-r.il  s\ipply  enters  the  premises  at  fifteen   ditlereut 
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jilaces,  and  at  each  i)oiut  the   cousuuiption   is   Jeteimiued  wei^kly  liy 

meters  set  for  the  purjiose,  and  any  excessive  use  quickly  local Cil  and 

corrected.     There  are  also  .several  other  ni"*"""^  to  measure  v.atri-  >5up- 

plicd  to  tenants  in  tire  express  buildings  and  restaurant. 

Present  indications' show  a  probable  annual  expense  for  water  in 

the  neighborhood  of  .SO  000.      No  actual   trials  were  made  to  obtain 

water  from  driven  or  artesian  wells,  but,   judging  from  the  experience 

of   others  not   far  away,   it   was  not   expected  that  it  could  be   thus 

olftained  without  being  slightly  brackish. 
i 

i  Interlocking. 

The  system  of  interlocking  adopted  at  the  South  Terminal  Station 
i  is  what  is  known  as  the  Westinghouse  electro-pneumatic. 

j  Previous  to  the  selection  of  this  system,  plans  M-ere  drawn  to  show 

t  the  adaptability  of  both  the  mechanical  and  the  electro-pneumatic 

i  svstems.     Owinp;  to  the  demand  at  this  station  for  a  large  and  elaborate 

J  .  O  D 

track  layout,  to  serve  tLe  737  trains  (total  of  inward  and  oiitward) 
which  would  u.-ie  it  immediately  ui)0u  its  completion,  and  the  fact  that 
this  number  of  trains  would  create  many  more  times  the  number 
of  train  movements  than  737,  it  required  a  larger  interlocking  plant 

•  than  had  been  heretofore  operated  anywhere  from  one  tower.  When 
'  the  plans  were  drawn  for  a  mechanical  plant,  it  was  found  that  a  very 

large  building  was  required,  and  that  a  very  large  area  of  valuable 
land  would  bo  taken  for  the  lead-out  piping,  the  width  required,  near 

•  the  towtr,  in  each  direction,  being  about  4.j  ft.  No  suitable  way 
I  could  be  found  to  place  this  jii2)iug  in  a  vertical  position.  It  was  also 
I                        plain  that  a  very  much  larger  number  of  men  Mould  be  recpiired  to 

operate  the  mechanical  jdant  than  the  electro-pneumatic,  and  that  it 

'  would  be  difficult  to  make  such  rigid  foundations  for  the  iiijje  lines 

on  the  new  till  over  the  old  docks  as  they  require,  without  waiting 
ft  great  uiany  months  for  the  banks  to  settle.  It  also  appeared  that, 
owing  to  the  very  magnitude  of  the  jilaut,  which  called  for  unusual 

;•  treatment,  it  would  cost  as  much,  or  perhaps  more,  to  establish  the  me- 

chanical as  the  pneumatic.  So  that  even  with  the  remote  possibility 
of  eleetric  currents,  rciiuired  in  the  pneumatic  plant,  becoming 
tr.iviblesome    when    electric  motive   power  should  be   adoi>ted,  there 

.  ."-"i  ini'd  to  be  no  other  reasonable  alternative  than  to  select  the  electro- 

I  pntniiuatic  system;        ■ 
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.  lu  the  trucks  embiaced  in  the  control  of  No.  1  tower  ai'o  switch 
anil  frog  points  equivahnit  to  '2-'>S  orJiuary  switclios.  Eleven  trams 
may  move  to  or  from  the  traiu  shed  at  one  time,  to  control  which  then- 
are  lis  seuiaphove  s^L'llal^^. 

lu  giving  a  Joscriptioa  of  the  interlocking  machine  and  the  electro- 
imeumatic  valves,  it  will  be  necessary  to  quote  partially  from  descrip- 
tious  by  those  vlio  are  more  thoroughly  posted  in  all  the  details  than 
the  wi-iter.  Each  pair  of  switch  points  and  each  semaphore  are 
attached  to  the  pistou  of  a  pneumatic  cylinder,  which  is  secured  to 
the  switch  or  signal  supjjort.  The  admission  and  discharge  of  air  to 
or  from  the  cylinders  is  controlled  by  valves,  which  in  theu-  turn  are 
shifted  by  electro-magnets,  governed  by  the  interlocking  machine  in 
which  are  horizontal  rotating  shafts,  moved  by  small  levers  through 
an  arc  of  GO',  with  electric  contacts  thereon,  suited  to  give  the 
requii-ed  condition  to  the  magnejts  at  the  valves,  and  thereby  produce 
the  proper  movement  of  the  switch  or  signal. 

The  rotating  shafts  are  arranged  to  move  bars  above  them,  and  at 
right  angles  to  them,  which  interlock  with  one  another  by  a  system 
of  cross  locks.  These  bais  extend  from  end  to  end  of  the  machine. 
The  ends  of  these  shafts  aie  engaged  by  the  armatures  of  electro- 
magnets, which  are  so  governed,  by  the  switches  and  signals  operated, 
that  the  levers  and  the  ajjparatus  operated  by  them  niust  agree  in 
position  before  a  prescribed  route  may  be  given. 

A  working  model  is  attached  to  the  interlocking  machine,  showing 
all  the  switches  moved  by  the  interlocking,  corresponding  to  the 
movements  iu  the  yard,  and  this  model  gives  a  correct  represen- 
tation of  the  track  eonm'ctions. 

There  are  nine  steel-truss  signal  bridges  in  the  yard,  and  the 
signals  generally  are  placed  upon  them.  The  semaphoie  p6sts  are 
hollow  iron  coluiuns,  with  the  operating  connections  inside,  and  are 
set,  as  far  as  possiVile,  over  the  center  of  the  track  to  which  they 
apply.  The  blades  and  lights  adopted  are  in  accordance  with  the 
system  of  the  New  York,  New  Haven  and  Hartford  Railroad,  \\hich 
company  operates  more  than  two-thirds  of  the  trains  entering  the 
station.  The  blades  extend  to  the  right  from  the  pole.  Fork.d 
blades  are  u.~ed,  to  some  extent,  to  indicate  that  a  route  clear  through 
the  system  has  been  arranged,  and  at  the  last  signal  before  entering 
the  train  shed  to  indicate  whether  or  not  cars  are  standing  upon  the 
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tiiick  iu  que.stiou  iusiJe  the  slictl.  lloil  is  used  ns  a  stop,  gieen  as  aa 
all  riglit,  ami  yellow  as  a  cuutiou  signal  color. 

The  air  cyliuJcrs  used  to  uiovo  the  sifna)  arms  are  siuglo-a'ctiug, 
the  arm  being  held  iu  a  stop  position  or  brought  back  to  a  stop 
position  by  a  counter- iveight,  and  therefore  require  but  one  valve. 

The  air  cylinders  used  to  move  the  switches  are  double  acting,  and, 
therefore,  require  two  pin-valves  (one  for  each  end  of  the  iiiaiu  cylinder), 
controlling  auxiliary  cylinders,  which  shift  a  D-valve,  capable  of 
more  readily  controlling  the  i)res.sure  to  and  from  the  switch  cylinders. 
The  D-valvo  cannot  act  imless  a  plunger  which  prevents  its  move- 
ment is  first  withdrawn.  This  is  effected  by  a  third  magnetic  valve, 
and  auxiliary  cylinder,  and  the  three  magnetic  valves  are  controlled 
by  three  separate  wires  exteuding  from  tbem  to  contacts  of  the  inter- 
locking machine.  The  D-valve  is  used  on  account  of  the  largo 
volume  of  air  required  to  be  admitted  iu  a  short  space  of  time. 

The  first  part  of  the  stroke  of  the  main  piston  moves  the  detector 
bar,  the  middle  part  moves  the  switcdi,  and  the  latter  jiart  locks  it  in 
positiiiu;  i-onsequently,  if  a  detector  bar  cannot  rise,  owing  to  being 
held  douu  by  the  wheels  of  a  train,  the  switch  cannot  be  thrown. 
There  are  in  the  po\ver-ho\ise  two  nir  compressors,  which  furnish 
the  air  power.  They  are  14  x  18-in.  Ingersoll-Sargeant,  class  ".\," 
compressors.  One  is  held  iu  reserve  as  a  relay  to  the  other.  Each 
compressor  discharges  the  air  into  receiving  tanks,  from  which  it  is 
conducted  to  a  third  receiver.  The  air  mains  leading  from  the  re- 
ceiver are  duplicated,  so  that  failure  iu  one  line  of  piping  will  not 
prevent  an  immediate  operation  of  the  switches  and  signals  through 
another  Hue.  The  air  passes  through  cooling  devices,  consisting  of 
manifold  pipes,  which  precipitate  all  nioistuie,  and  at  each  switch 
enters  a  cast-iron  receiver.  From  this  reservoir  there  is  an  armored 
hose  connection  to  the  switch  valve.  This  elastic  connection  prevents 
injury  to  the  connections,  due  to  vibration  and  settlement. 

There  are  also  provided  indicators  from  the  train  house  to  the 
tower  for  projjcr  communication,  and  the  towers  are  equijjped  with 
telephone  connection  to  all  necessary  points. 

Tower  No.  2  controls  switches  and  signals  on  the  suburban  tracks, 
and  Tower  No.  3  governs  train  movements  at  the  yaid  limits  too 
remote  to  be  controlled  from  Tower  No.  1. 

The.ie  touer.i  and  the  other  main-yard  buildings  are  of  brick,  with 
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ELECTRO-PNEUMATIC  SWITCH  AND  LOCK  MOVEMENT, 
APPLIED  TO  A  SIMPLE  SWITCH. 
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slate  roofs,  aiul  eontuiu  tuilL-l  lixtuies  for  tlac  accommodatl^u  oi  the 
eiai)loycfs. 

Signal  Lights. 

Oil  lamps  are  used  for  signal  lights,  excepting  on  one  signal  Lridge, 
where  exjierinieuts  are  lieing  made  Mitli  electric  lights.  These  experi- 
ments havt  not  progres.sed  far  enough  to  prove  conclusively  the 
superiority  of  electricity,  but  give  evidence  of  doing  so.  The  tri^d 
lights  consist  of  tvo  8-caudle-power  lamps  in  each  lantern,  so  that  in 
case  of  failure  of  one,  the  other  may  do  suflicient  duty.  They  are  very 
clear,  and  penetrate  fog  better  than  the  oil  lamps. 

If  the  details  can  be  arranged  to  give  satisfaction  in  all  kinds  of 
weather,  they  will  undoubtedly  be  adopted. 

Data  are  also  being  collected  to  determine  the  comparative  cost. 


:".i\   'i 


T'jtAUK  Gkadk.s. 

The  tracks  in  the  train  shed  are  level.  At  the  thi-oat  of  the  inter- 
locking they  are  2  ft.  lower  than  in  the  shed,  to  ease  the  grade  on 
the  curved  approach,  which  is  aV)out  40  ft.  to  the  mile  (upon  8^ 
curves),  and  to  facilitate  reasonable  connections  with  the  express- 
yard  tracks,  which  of  necessity  lie  at  a  grade  G  ft.  lower  than  the 
main  tracks. 

The  grade  of  the  tracks  on  the  drawbridge  is  practically  the  same 
as  in  the  train  shed. 

The  steepest  grade  in  the  expres.s  yard  is  about  H,  per  cent. 

The  loop  tracks  are  level.  The  grade  niion  the  inclines  leading  to 
the  loop  tracks  dots  not  exceed  2]  per  cent. 

In  the  train  shed  the  tracks  aie  level  with  the  idatforms;  in  the 
mail  and  express  yard  the  tracks  are  about  4A  ft.  behiw  the  h'vel  of 
the  platforms,  the  latter  being  substantially  on  a  level  with  the  floor 
of  the  cars. 

ExPKEss  Buildings,  Team  and  Car  Yaisds. 

The  express  buildings  are  50  ft.  wide  and  two  stories  high.  Tiny 
are  owned  by  the  Terminal  Comjiany  and  leased  to  the  express  com- 
panies. They  are  similar  in  style  and  apiiearancc  to  the  jjower-jjlant 
buildings. 

One  jjortiou  of  tl.e  express  tracks  is  laid  parallel  with' the  b\uldiug. 
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as  rei|ucsteJ  by  the  express  couipauv  occupying  tliat  part  of  tlie 
laiilJiug.  TLe  otlier  portious  of  the  trael;s  are  laid  as  spurs,  at  an 
augle  to  the  buihling,  with  iuterveiiiug  platforms.  Tliis  arraugement 
■nas  necessary  to  get  the  room  required  for  cars. 

The  team  side  of  the  buihling  has  a  covered  platform  nearly  its 
entire  length,  and  the  yard  is  paved  -(vith  granite  blocks.  The  second 
floor  is  used  for  ofiices  by  the  Adams  liixpress  Company,  and  store 
r^'oms  for  the  New  York,  Xew  Haven  and  Hartford  KailroaJ  ComiDany. 
A  portion  is  unused  at  present. 

Hkaitng  and  Lighting  for  Expkess  asd  Yard  Bulldings. 

The  express  buildings  are  heated  by  hot  water,  directly  through 
radiators  in  the  various  rooms.  It  is  not  intended  that  the  freight 
rooms  and  store  rooms  shall  be  kept  much  above  freezing  in  the 
winter,  but  the  otlices  are  thoroughly  warmed. 

The  pilling  .sj.'-tciu  i.s  entirely  sejiaiate  fioui  the  head-house  system 
after  le.niug  the  power  house,  and  Mas  installed  under  a  separate  con- 
tract. The  fire-risers  through  the  freight  rooms,  in  this  building,  as 
well  as  those  through  the  baggage  rooms  in  the  head  house,  are  boxed 
and  protected  from  the  frost.  The  })latfurms  and  freight  rooms  are 
lighted  by  arc  lights,  and  the  office  rooms  by  incandescent  lights. 
Two  of  the  five  electric  truck  lifts  go  to  the  store  rooms  in  the  second 
story,  and  these  two  are  arranged  with  safety  clutching  devices. 

The  yard  buihliugs  are  heated  by  steam  and  lighted  by  electricity. 

PowEii  Pl-a.\t  Bltldixos  and  Pipe  Subways.  ■    • 

The  power-plaut  buildings  are  substantial  hard-burned  brick 
buildings,  with  granite  trimmings  and  llat  gravel  roofs  upon  steel 
trnssrs.  They  are  iO  ft.  wide  and  two  stories  high,  with  an  aggregate 
length  of  580  ft. 

The  pipe  subways  leading  from  tho  power  plant  to  the  head  house 

1   express  buildings  are  6  ft.   wide   and  o   it.    liigh,   and  are  built 

■■'''••I'-ly    of    Portland-cement    concrete,    as   shown     in  Fig.    4.     They 

■  ■  '.ly  the  pipe   lines  on  one   side  and  the  electric  cables  on  the  other, 

•■■■I   ar.>  Well   lighted.      There   is  no  portion  of  the  wiring  or  piping 

■  '■  rrjrcnind   which  is  not  accessible    at  a  moment's  notice,  and  one 

■;   '■■.;\ el  these  subways  in  a  "Sunday  Suit  "  without  harm  to  it. 
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POWEP.  Hou.sE  Equitment. 

Thu  IjuiKliugs  which  eoutaiu  this  equipment  are  upon  tlie  Dor- 
chcstn-  Avi'uue  siile  ot  the  y.u<l,  and  in  oi\lcrthat  they  might  interfere 
as  little  as  possible  with  ruuw  for  tracks,  thoy  have  ueeu  built  taiulem 
fashion;  the  ice  plant  nearest  the  head  house,  comiiressor  and 
electrical  generating  plant  next,  and  boiler  house  last.  These 
buildings  contain  ice-making  and  refrigerating  machinery,  ice  storage 
room,  air  comiu-essors  to  make  power  for  air  brakes  and  the  switches 
and  signals,  four  Westinghoiise  direct-current  generators,  to  make 
electric  current  for  lighting,  elevators  and  motors  (with  room  for  two 
more),  a  central  heating  plant,  ten  horizontal  return-tubular  boilers 
72  ins.  in  diameter  and  18  ft.  long,  an  economizer,  mechanical  stokers, 
mechanical  draught  fans  and  engines,  feed  pumps,  compressors  and 
minor  api)urtenances. 

The  apparatus  and  the  size  of  the  units  have  been  selected  with 
special  regard  to  the  great  variation  in  load  required  at  difl'erent  times 
of  the  day  and  year.  There  is,  of  course,  considerable  sur])lus  power 
beyond  absolute  necessity,  to  provide  for  breakdowns  and  repairs. 
The  steam  pii)ing  has  been  dui)licated  in  such  a  manner  that  any  acci- 
dent thereto  will  not  seriously  impair  the  operation  of  the  plant. 

The  boilers  are  nuide  from  an  extra  quality  of  steel,  and  are 
designed  to  carrj-  a  working  pressure  of  150  lbs.  per  square  inch. 
The  shell  jilates  are  h  in.  thick,  and  the  heads  i"^-  in.  thick,  and  are 
■well  stiftencd  by  angle  irons,  and  braced  by  five  through  bolts  IJ  ins. 
in  diameter.  Each  boiler  has  130  tubes  3  ins.  in  diameter,  and  is 
equipped  w  ith  the  usual  manholes,  blow-otTs,  safety  valve,  etc.  They 
are  suspended  from  channel  beams  resting  upon  wall  plates  carefully 
bedded  upon  the  walls  of  the  setting.  The  boilers  are  provided  with 
an  equipment  of  Roney  mechanical  stokers,  and  provision  has  been 
made  for  a  50%  increase  in  the  boiler  i^lant. 

The  economizers  are  two  in  number,  one  of  520  pipes  and  one  of 
240  pipes.  The  settings  are  built  for  1  010  jiipes.  The  mechanical 
draught  is  inovided  by  two  slow-speed  exhaust  fans  14  ft.  in  diameter 
and  7  ft.  breast,  driven  by  two  horizontal  engines  of  sufficient  size  to 
drive  the  fans  103  revolutions  per  minute.  Either  or  both  fans  are 
operated  at  will,  and  are  designed  to  produce  a  dratight  through  the 
steel  stack  11  ft.  in  diameter,  carried  a  few  feet  above  the  roof,  equal 
to  a  250-ft.  chiinnev. 
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Tbc  four  Wfistiugliouse,  siugle-valve,  compouuj,  automatic  eugiues 
have  oyliuderb  IS  aiij  30  ins.  in  diameter,  ami  for  IG  ins.  stroke  of 
piston,  and  are  rated,  ^vLcn  running  at  tlioir  standard  speed  of  250 
revolutions  i)oi-  minute,  at  375  I.  H. -P. 

They  are  operated  non-condensing  if  the  exhaust  steam  is  required 
for  heating  purpo.ses,  or  under  a  vacuum,  as  occasion  requires.  Each 
engine  is  directly  connected  to  a  '225  K.-W.  Westinghouse  multipolar 
engine-type  generator,  capable  of  generating  current  at  two  poten- 
tials, one  of  220  volts  for  power,  and  one  of  110  volts  for  lighting. 

The  switchboard  is  an  interesting  portion  of  the  instaHation,  but  a 
technical  description  is  out  of  place  in  this  i)aiier. 

A  traveling  crane  of  20  tons  capacity  spans  the  engine  room. 

The  other  apparatus  iu  the  i)ower  house  is  described  under  the 
various  headings  which  follow,  in  their  appropriate  connection. 

The  suction  pipe  from  the  condenser  to  salt  water  iu  the  Fort  Point 
Channel,  is  laid  under  Dorchester  .Vvenue  iu  a  chamber  which  permits 
of  entrance  to  adjust  the  tlauged  joints  in  case  of  air  leaks,  leaks  being 
expected  on  account  of  settlement  of  the  new  street  tilling.  The  suc- 
tion Well  and  inlet  chamber  ai'O  built  jiartially  of  timber  and  partially 
of  masonry,  and  while  serving  the  purpose  propeily,  under  the  sea 
•wall,  have  only  the  merit  of  being  inexpensive. 

ElECTIUC    LiGHTlXO. 

Before  the  amount  of  lighting  for  the  various  parts  of  the  station 
was  deteruiiued  upon,  a  carefully  jirepared  statement  of  the  lighting 
of  all  the  large  stations  in  the  United  States  was- made,  and  from  this 
as  a  guide  the  lights  were  arranged.  The  train-shed  platforms,  midway, 
baggage  rooms,  express  platforms,  express  rooms,  entrances  and  side- 
walks are  lighted  by  arc  lights  of  enclosed  pattern.  In  the  train  shed 
they  are  huug  from  the  roof  aud  steadied  horizontally  by  the  current 
wires  and  guy  wires.  The  switches  for  the  platform  lights  are  located 
on  the  midway  fence,  aud  each  platform  may  be  lighted  separately,  if 
desired.  The  lights  on  the  passenger  platforms  are  120  ft.  apart. 
The  suburban  statiou  is  lighted  by  a  large  number  of  5-light  clusters 
of  10-eandle-power  lamjis.  These  reflect  against  the  enameled  brick 
ceiling. 

The  waiting  room  is  brilliantly  illuminated  by  lights  in  the  ceiling, 
and  also  by  a  row  entirely  around  the  sides. 
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The  oflicos  auj  eorriilors  are  lighted  throughout  witli  electricity. 
There  are  uo  illuuiinatiug-gas  pii)e.s  iu  the  builjiug. 

There  are  nearly  300.  arc  and  7  000  incandescent  lights. 

All  the  wires  are  carried  in  water-tight  iron  pipe  duets  throughout 
the  walls  and  floors  of  the  building,  and  are  accessible  at  the  various 
drawing-iu,  cut-out  or  j auction  bo.ves.  There  are  18  sets  of  feeders 
running  from  the  generator  switchboard  to  the  distributing  centers 
about  the  premises,  where  there  arc-  switches  for  local  control  of  the 
lights. 

ELEV.\T01tS    AND    Lli'TS. 

All  the  elevators  and  liaggage  and  express  lifts  are  run  by  elec- 
tricity. There  are  0  public  elevators  and  2  private  elevators,  in  the 
head  house,  1  ice  lift  iu  the  ice  plaut,  S  baggage  aud  express  lifts  in 
the  train  shed,  1  in  the  baggage  rooms  and  5  iu  the  express  buildings, 
making  a  total  of  '1').  They  were  all,  with  the  excei)tion  of  the  ice 
lift,  coustructed  by  the  Sju'ague  Elevator  Couipauy. 

The  passenger  elevators  are  of  the  usual  pattern,  aud  have  no 
Bpecial  features. 

The  baggage  aud  express  lifts  are  of  si^ecial  pattern,  aud  are 
one  of  the  most  interesting  features  of  the  mechanical  plant. 
Od  account  of  the  waterproofiug  sheet  below,  which  could  not 
be  punctured,  aud  the  fact  that  most  of  these  lifts  were  out  of 
doors,  it  was  not  feasible  to  adopt  hydraulic  lifts.  Further,  on 
account  of  the  impracticability  of  having  any  framework  more  than 
3  or  4  ft.  above  the  i)latforius,  between  the  trains,  the  baggage  plat- 
forms being  restricted  in  width  so  that  posts  to  such  framework  would 
be  too  near  the  car  windows,  it  was  not  practicable  to  have  overhead 
sheaves  aud  ropes.  Study,  on  the  part  of  tlie  coutractora,  brought  out 
a  tyiju  of  electrical  machinery  wliich  could  be  contained  in  the  thick- 
ness of  the  tioor.  This  consists  mainly  of  a  revolving  shaft  on  each 
side  of  the  elevator  02)enings,  near  the  top,  which  shafts  wind  up  four 
chains,  one  near  each  corner  of  the  .lift  platform,  these  shafts  being 
rotuti'd  by  worm  gears,  at  right  angles  to  them,  at  one  end  of  the  lift, 
the  thrust  of  one  worm  gear  reacting  against  the  otlier,  and  the 
countershaft  being  rotated  by  an  electric  motor  in  the  tloor.  Tliis  ap- 
I'.uatu.i,  being  suitable  for  platforms  between  trains,  and  being  simple 
I'-d  ecouoniii.al,  was  adopted  for  all  but  two  (the  two-story  lifts  iu  the 
^il'i-.M.-,  buildings),  of  the  seventeen  lifts. 
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The  platforms  of  these  lifts  are  6  ft.  wide  auil  15  ft.  loug,  ami  the 
lifts  are  desigueJ  to  carry  with  perfect  safety  3  000  lbs. 

The  problem  of  making  suitable  protection  arouud  the  opeuiug  iu 
the  platforms,  and  safety  gates  at  the  euds,  was  perplexing,  but  was 
solved  by  making  a  very  strong  sheet-iron  frame  for  each  side,  about 
3  J  ft.  high,  and  phiciug  in  each  end  a  swinging  gate.  This  framework 
cannot  be  wrecked  by  a  heavy  truck,  and  the  gates  eanmit  l)e  struck, 
when  open,  by  the  tracks.  The  gates  are  conueetcd,  so  that  wheu  ouo 
opens  the  other  opens,  and  are  also  arranged  by  contact  latches,  so 
that  the  lifts  cannot  Vie  moved  if  they  are  open,  neither  can  the  gates 
be  opened  if  the  lift  is  below  the  platform  level.  It  is  necessary  to  un- 
latch the  gate  by  hand,  which  can  be  done  from  either  end,  before  the 
gates  are  free  to  open.  The  baggage-room  lifts  are  not  protected  by 
the  same  style  of  gate,  but  tlie  principles  are  the  same.  The  lifts  are 
operated  by  foot-pushes  at  both  euds  of  the  platform,  so  that  a  man 
can  work  the  lifts  at  whichever  end  he  may  be.  A  push  on  one  button 
raises  the  lift,  and  on  another  button  lowers  the  lift.  They  are  all 
supplied  with  call  bells  and  automatic  gates  at  the  lower  level. 

It  was  necessary  to  construct  the  platform  over  the  motors,  so  that 
moisture  could  not  find  its  way  to  them,  and  at  the  same  time  have  the 
platforms  removable,  so  that  the  motors  and  machinery  could  be  got 
at.  After  a  little  study  this  was  arranged  without  diflloulty,  and  these 
lifts  have  given  excellent  satisfaction. 

He.\tino  .\ni)  Ventilating. 

The  head  house  and  public  rooms  are  heated  by  a  hot-water 
system.  The  water  is  heated  in  three  tul)u]ar  heaters,  two  of  them 
connected  to  obtain  heat  by  the  circulation  of  exhaust  steam  from  thf 
engines,  through  them,  and  the  third  connected  in  a  similar  manner 
for  live  steam.  The  hot  water  is  circulated  through  the  tubul.ir 
heaters  and  through  a  loop  system  of  pijiing  arouud  the  head  house 
by  means  of  two  centrifugal  pumps,  one  a  relay  to  the  other,  these 
being  located,  along  with  the  tubular  heaters,  iu  a  room  in  tlie  iio\\i'r 
house,  and  called  the  central  he.iting  plant.  The  main  rooms  :uid 
offices  are  warmed  by  hot  air,  the  air  being  drawn  through  dowu-tak'- 
shafts  from  the  roof,  over  hot-water  stacks,  or  radiators,  in  the  b.ise- 
nieut,  by  large  fans,  and  forced  through  one  duct  to  each  room,  so 
heated,    at   a  temperature  of  about   70^   Fuhr.,   and   through  anotlur 
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Fig.  1.— Easterly  Portion  of  Yard  and  Subway. 


Fig.  2.— Middle  Poktius  uf  Yard. 
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duct,  over  a  supplementary  heatiug  stack,  to  each  room  at  a  miicli 
Liglier  temperature.  At  tLe  register  in  each  room  is  a  mixing  damper, 
so  that  tlie  inmate  can  take  a  full  volume  of  the  air  at  a  temperature 
of  about  70^,  or  at  a  much  higher  temperature,  at  will. 


OtAGSAM  SHOWING 

HEATING  AND  VENTILATINb  SYSTEM 

IN  USE  AT  TERMINAL  STATION 
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The  main  loop  in  the  system  is  about  five-eighths  of  a  mile  long, 
ami  large  bends  have  been  used  freely  to  take  care  of  expansion  and 
Contraction. 
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There  are  six  fiui  rooms,  of  ailTureut  siz'.-  lu  tbu  suunuer  these 
fans  are  run  to  assist  iu  ventihxtiug  the  offices. 

The  baggage  rooms;  some  of  the  corridors,  and  other  much 
exposed  offices  are  heated  by  direct  hot-water  radiators.  It  is  not 
expected  that  the  baggage  rooms  will  be  kept  much  above  freezing  iu 
cold  weather. 

The  main  ducts  of  the  heating  and  ventilating  system  are  over  the 
ceiling  of  the  corridors,  and  all  hot-air  ducts  are  thoroughly  insulated. 
The  hot-water  pipes  are  all  insulated.  It  is  possible  to  circulate  the 
water  at  diifere.nt  velocities  and  at  different  temperatures,  and  these 
are  the  means  used  to  regulate  the  heat.  There  are  12  ventilating  fans 
in  the  attics  -n'hich  exhaust  the  air  from  the  ollice  and  toilet  rooms 
through  special  ducts  to  the  outlet  chambers  on  the  roof. 

All  the  fans  iu  the  heating  and  ventilating  system  are  driven  by 
electric  motors. 

All  toilet  rooms  are  heated  by  the  direct  method,  to   prevent  the 

'  accumulation   of  air  pressure  in  the  rooms,  which  would  cause  the 

escape  of  foul  odors  through  the  doors,  and  are  ventilated  by  special 

exhaust   fans  at   the  roof,    fresh   air  finding  its   way   to   these  rooms 

through  screened  doors. 


K4 
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ICE-JM.ULIXG    ASD    PvEFHIGEK.\TrON. 

An  ice-making  plant,  capable  of  making  L!0  tons  of  "  Diamond  "  ice 
per  day,  frozen  from  one  side  only,  upon  the  plate  system,  has  been 
installed  iu  the  power  house.  Beneath  the  freezing  tanks  an  insulated 
storage  vault,  large  enough  to  hold  800  tons  of  ice,  has  also  been  built. 
This  ice  is  used  iu  the  cars,  restaurant,  and  some  of  the  offices,  and  is 
made  from  thoroughly  filtered  water,  taken  from  the'city  mains,  and 
harvested  iu  large  blocks,  cut  in  the  freezing  tanks  by  traversing  steam 
cutters,  lifted  out  of  the  tanks  by  a  traveling  pneumatic  lift,  and 
lowered  to  the  required  level  in  the  storage  vault  by  an  electric  lift. 
Later  on,  it  is  weighed,  cut  up  into  small  pieces,  and  delivered  upon 
demand  to  the  diflereut  users. 

Two  ammonia  compressors  are  provided,  one  sufficient  for  the  ice- 
making  and  refrigeration  purposes,  and  the  other  for  the  latter  alone. 

A  refrigerating  plant,  on  the  brine  system,  is  installed  for  the  pur- 
pose of  cooling  the  storage  boxes  (of  about  4  000  cu.  ft.  capacity)  in  the 
restaurant,  and  for  cooling  drinking  water,  ^\hieh  may  be  drawn   from 
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abuut  oO  Jiiukiut;  fouutaius  located  iu  the  corridors  and  public  rooms 
nt  various  places  throughout  the  head  house. 

Stk.^m  and  Hot  Wateh  fou  Hkad  House. 

A  piping  system  lor  a  supply  of  live  steam  aud  hot  water  has  beeu 
installed  iu  the  head  house  for  cooking  and  warming  purposes  in  the 
kitchen  and  serving  rooms,  and  for  supply  to  outlets  in  the  pay  lava- 
tories, outlets  for  cleaning  purposes,  aud  for  the  sliower  baths  installed 
for  the  train  men.  All  the  j^iping  is  insulated,  and  the  total  number 
of  outlets  is  about  3j. 

C.ui  Heating. 

At  all  the  stub-track  ends  in  the  train  shed  and  throughout  the  ex- 
press yard,  47  2Jhiccs  in  all,  provision  has  beeu  made  for  furnishing 
steam  heat  to  the  cars.  The  steam  pipe  at  the  ends  of  the  tracks  in 
the  train  shed  is  on  the  loop  system,  and  any  break  iu  the  main  pipe 
does  not  interrupt  the  supjtly  to  any  great  extent.  Perhaps  the  only 
interesting  feature  iu  this  provision  is  the  style  of  metallic  universal- 
joint  connection  to  the  car  hose,  which  is  what  is  known  as  the 
McLaughlin  joint,  a  recently  devised  joint  of  very  simple  pattern, 
I  luirdly  to  be  described  without  detail  drawings. 

i 

(  Air  Brake  Testing. 

Two  AVestinghouse  air-brake  pumjjs  are  installed  in  the  power 
!  house  to  supply  air  for  testiug  brakes  and  charging  the  cars,  and  this 

I  air  is  delivered   at    the  47  stub  tracks  in  the  train-shed  and  express 

I  yards.     A  nuiin  aud  several  aiixiliary  reservoir  tauks  are  u.sed  to  pro- 

,  vide  storage  for  excessive  draught  at  times,  aud  provision  is  nurde  for 

j  draining  off' the  coudeusation  water  at   the  various  low  points  iu  the 

j  I'ipe  lines,  aud  at  the  reservoirs.     At  the  track  ends  iu  the  train  shed 

the  air  passes  through  rubber  hose  to  the  car  connection.  Out  of  doors 
the  air  passes  through  the  McLaughlin  metalliciiuiversal joints.     The 

'  I  itter  feature  is  a  new  departure  for  air  connections. 

I  This  system  of  compressed-air  piping  and  machinery  is  kept  sepa- 

j  r.ite  from  the  compressor  plant  for  switches  and  signals,  so  that  a  fail- 

j  ur.j  iu  the  former  will  not  afi'ect  the  more  imijortant  work  of  the  latter. 

•  1  lieiL  is  no  physical  reason   why  they  could  not  be  arranged  as  one 

)  I'laiit,  if  so  desired. 
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Fire  Protectiok. 

A  i-iu.  -natoi-ijipc  eouuc-otiou  lii\s  boeu  uiado  at  uvu  cliffL-icut  poiuU 
witli  the  bigh-sorvice  mains  of  the  city  water-works,  aud  firc-riscr 
pipes,  3  ins.  in  Jiameter,  with  Lose  ancl  nozzles,  liave  been  installeil  all 
over  the  in-emises.  Altogether,  there  are  104  outlets  for  2^-in.  hoseiu 
the  main  building,  aud  2  outlets  in  the  interlocldug  towers  for  l|-iu. 
hose,  6  of  the  former  being  on  the  roof  of  the  main  building.  No  out- 
lets for  this  fire  supply  or  any  other  hot  or  cold  water  supply  are 
located  over  the  main  waiting  room. 

In  addition  to  the  above,  there  have  been  installed  about  the  head 
house  several  auxiliary  fire-alarm  boxes,  connected  with  the  city  fire- 
alarm  system,  which  can  bo  rung  from  22  push  buttons  located  iu 
various  places.  Additional  hose,  on  reels  and  in  boxes,  has  been  jiro- 
vided  for  emergency.  No  fire-fighting  organization  of  employees  has 
been  made,  reliance  being  placed  on  the  city  departiiieut,  which  can 
be  had  at  immediate  notice.  One  fire,  which  did  no  great  damage, 
caused  by  a  lilacksmith's  forge  on  the  roof,  within  a  few  days  after  the 
station  was  openi'd,  was  observed  in  the  attic  by  an  emi'loyec,  .ind 
extinguished  with  water  from  the  established  system,  without 
recourse  to  the  city  department,  thus  illustrating  the  virtue  of  tliis 
private  system. 


I 
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FkOST    PltOTECTION. 

The  twenty-two  S-iu.  aud  the  two  r2-in.  down-spouts  from  tlif 
train-shed  and  midway  roofs  are  jacketed  with  non-conducting  cover- 
ing, and  the  jacket  spaces  are  warmed  in  freezing  weather  by  coils  I'f 
1-in.  steam  pipe.  The  jacketed  space  is  IJ  ins.  wide,  and  wire  latliiui; 
serves  as  a  base  for  the  non-conducting  covering.  This  covering  is  an 
asbestos  compound,  aud  it  is  jirotected  by  hea\y  canvas,  well  paiiiti  d. 
The  live  steam  for  the  coil,  whicli  is  two  runs  of  1-in.  pipe,  forming  a 
loop  by  connection  ne.ir  the  roof,  is  sinjiilied  from  a  distrilmtin^: 
system,  having  its  origin  in  the  car-heating  main. 

These  jackets  have  served  to  keep  the  down-spouts  open  ow 
■winter,  and  it  is  hoped  that  they  will  prove  as  valuable  in  the  futui<-. 
A  2-in.  brass  pipe  to  carry  live  steam  has  been  installed  eutirrly 
around  the  midway  roof  in  the  gutter,  to  keep  the  gutter  open.  ^" 
other  steam  pipes  have  been  jnovided  for  melting  snow. 
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Pdmpi.ng  Plant. 

As  the  cutii-e  bubuibau  statiuu  is  bolow  tho  level  of  the  ocouu,  nud 
as  part  of  the-  tl■au•k-apl)roaclle^s  to  it  are  open  to  raiu  auj  snov,-,  it  lias 
beeu  uecossiuy  to  provide  a  pumpiug  plaut  iu  a  sump  well,  located 
near  the  power  plant,  to  take  oaie  of  storiu  water  aud  any  seepage 
water  %\hich  may  eventually  get  through  the  waterproofiug  sheet. 
This  plant  consists  of  two  electrically  driven,  vertical-shaft,  centrifu- 
gal pumps.  One  has  a  capacity  of  4  000  galls.  i)er  minute,  and  the 
other  1  000  galls,  per  minute,  agaiust  a  head  of  16  ft.  The  smaller 
pump  is  arranged  to  work  automatically,  being  governed  by  a  lloat. 
The  other  is  started  by  baud  uiiuu  an  electric  alarm  sigual  controlled 
by  a  float,  giving  notice  in  the  power  house. 

These  pumps  discharge  through  check  valves  to  a  pipe  connection 
■with  the  city  storm  sewer,  which  crosses  the  premises  and  empties 
into  Fort  Point  Channel. 

Thus  far,  the  pumps  have  seen  very  little  service,  aud  it  is  to  be 
hoped  that  it  will  not  be  increased. 

At  estrejne  low  ti.le  the  sinall  accumulation  of  water  during  the 
Ligh-tide  period  finds  its  way  through  the  check  valves,  which  act 
as  automatic  flood  gates  to  empty  the  sump  \i ell  without  the  pumps. 
If  the  check  valves  fail  to  work  on  the  rising  of  the  tide,  the  alarm 
riug.s  in  the  power  house,  and  the  emergency  stop  valve  in  the  dis- 
charge pipe  i.s  immediately  closed  before  any  damage  can  be  done. 

Coal  Handli.vo. 
As  the  TermLnal  Comjiany  has  no  water  front  suitable  for  the  dis- 
charge of  coal  from  vessels,  the  coal  is  brought  from  one  of  the  coal 
pockets  belonging  to  one  of  the  operating  railroad  companies,  on  cars 
which  permit  of  unloading  through  hop])ers  in  the  lloor.  These  are 
set  over  a  coal  vault,  constructed  in  the  rear  of  the  boiler  house,  as 
sliowu  on  the  cross-section  jjlan,  Fig.  1'2,  and  the  coal  is  then  dumped 
upon  an  intermediate  lloor,  level  with  the  hupjiers  of  the  mechanical 
stokers,  this  floor  having  storage  capacity  for  sever.il  days'  supply. 
From  this  lloor  the  coal  is  pushed  or  shoveled  into  the  mechanical 
stokers.  Leneath  this  intermediate  floor  is  further  storage  room  for 
Several  days'  supply,  which  supply  is  held  in  reserve  against  snow 
blockades  in  the  winter,  when  it  would  be  difficult  to  move  the  cars. 
From  this  lower  floor  it  is  necessary  to  lift  the  coal  about  5  ft.  to  put 
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it  into  the  stoker  hoi)per-s.  Originally,  it  was  not  iuteuJeil  to  liavo 
njechanical  stokers,  auJ  to  fire  liy  hand  from  tins  lower  level  without 
this  5-ft.  lift;  bv.t,  after  the  stokers  were  iustallud,  the  iutcrmcdiato 
floor  was  arranged,  and  the  handling  siuijdified,  as  well  as  the  storage 
room  increased. 

Storage  capacity  for  several  thousand  tons  was  considered,  but  on 
account  of  the  relatively  small  consumption,  varying  with  the  seasons, 
from  about  8  tons  to  35  tons  per  day,  the  ditiieulty  of  placing  the 
storage  close  to  the  boilers,  the  necessity  of  considerable  coal-handling 
machinery,  if  not  so  placed,  tlic  necessity  of  using  cars  in  any  event, 
and  the  ability  to  take  advantage  of  low  prices,  due  to  bulk  deliveries, 
by  purchasing  iu  connection  with  one  of  the  operating  railroad  com- 
panies, such  storage  facilities  were  not  constructed. 

At  present,  the  ashes  are  wheeled  from  the  furnaces  to  an  area  just 
outside  of  the  boiler  room,  where  they  are  taken  away  daily  by  private 
parties  without  cost  to  the  Terminal  Company.  They  are  eventually 
disposed  of  either  for  ciuder-coucrete  material,  or  to  go  to  the  South 
Boston  Hats  for  wharf  tilling,  where  a  price  is  paid  suliicient  to  cover 
the  cost  of  handling. 

Cost  of  Power  Pl.^nt. 

The  cost  of  the  entire  jiower  plant,  including  all  piping,  wiring, 
electric  lighting  of  every  sort,  fans,  heaters,  radiators,  air  ti.'i.tures, 
frost  jackets,  ventilating  system,  steam  connections,  refrigeration, 
hot-water  pipes,  lifts  and  elevators  iu  the  head  house,  subway,  express 
and  gas  buildings  and  train  shed,  as  well  as  piunping  plant  in  the  sump 
well,  has  been,  not  including  the  interlocking,  upwards  of  S400  000. 
The  various  parts  are  so  inter-related  to  each  other  that  no  attempt 
will  be  made  iu  this  paper  to  give  unit  costs  for  elevators,  lifts,  lights, 
etc. 

PiNTSCH    G.\S. 

A  plant  for  the  manufacture  of  ^intt^ch  gas  for  use  in  cars  has  been 
established  ou  the  terminal  grounds,  capable  of  making  120  000  cu.  ft. 
of  gas  daily. 

A  building,  110  ft.  long  and  40  ft.  wide,  two  stories  high,  of  similar 
type  to  the  i)ower  house,  has  been  constructed,  on  pile  foundations; 
and  in  this  building  there  have  been  installed  iO  retorts  and  the  ac- 
<;omj)anying  furnaces,  3  engines  and  comjiressors  for  compressing  the 
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gas,  purifiers,  luetor,  feed  tanks,  driji  anil  tar  j)uiqj)s,  and  all  other 
necessary  appliauoes.  The  building  is  lighted  by  electricity.  Outside 
of  the  building  are  installed  2  uil-storage  tanks,  a  tar  tank,  10  store 
holders  and  a  gas  holder  30  ft.  in  diimu'ter  and  15  ft.  deej).  A  main 
pipe  leads  from  this  plant,  eoimecting  with  distribution  pipes  to  120 
outlets  in  the  train  slied  and  about  20  more  outlets  in  the  express 
yard,  where  gas  can  be  put  into  the  car  tanks  through  hose  connec- 
tions. The  cost  of  this  entire  gas  plant,  including  the  building, 
is  about  ?80  000. 

Matekul  Used. 

The  material  used  in  the  work  approximates:  -13  000  spruce  piles, 
15  100  000  common  brick,  4S7  000  medium  brick,  840  000  enameled 
brick,  VlOOOcu.  yds.  concrete,  32  000cu.  yds.  stone  masonry,  30  000  000 
lbs.,  or  15  000  tons  steel,  equal  to  about  1  200  car  loads;  200  000  cu.  ft. 
of  cut  stone  for  building,  or  500  car  loads;  75  000bbls.  Portland  cement, 
20  000bbls.  Rosendale  cement,  8  000  bbls.  coal-tar  pitch,  6  500  bbls. 
prepared  asphalt,  850  000  lbs.  tarred  paper,  450  000  lbs.  sheet  copper 
for  roof  trimmings;  5  000  000  ft.,  15.  i\I.,  yellow  pine  timber,  for  various 
uses;  10  000  lbs.  solder,  10  acres  gravel  rooting,  150  000  sq.  ft.  wire- 
glass  and  40  000  lbs.,  or  20  tons,  of  putty  to  set  the  same. 

Costs  ov  Y.\kd  Buildings,  Pek  Cubic  Foot. 

The  i)ower  house,  including  foundations SO.  121 

The  gas  building,  inchuliug  foundations ,  0.135 

The  e.-vpress  buildings,  including  foundations 0.131 

The  total  cost  of  these  buildings  aggregates  .S310  000. 
These  buildings  are  of  brick,  two  stories  high,  -with  good  base- 
ments, founded  on  i>iles,  with  iron  floor-beanis,  iron  roof-trusses, 
wooden  floors  and  roof  boards,  roofs  covered  with  tar  and  gravel, 
plumbed,  heated  and  lighted,  and  the  express  buildings  contain  offices 
for  250  persons;  also  5  truck  lifts.  The  above  costs  do  not  include  any 
foundations    for  maehiaery  located  within  these  buildings. 

Cost  of  Head  House. 
The  ai^proximate  cost  of  the  liead  house,   including  foundations, 
heating,  lighting  and  elevators,  is  SI  505  OOO,  or  S0.214  per  cubic  foot. 
1q  calculating  the  cubic  feet,  outside  dimensions  and  height  from  floor 
of  basement  to  top  of  roof  are  used. 
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Cost  of  Tkad;  Shtd. 
Area,  343  140  sq.  ft.  Weight  of  steel,  23  lbs.  pe.  square  foot. 
Total  cost,  including  fouuJations,  steel  and  covering,  §382  180.  Cost 
per  square  foot,  horizontal  area,  SI. 11.  If  the  area  and-  cost  of  the 
midway  and  connecting  roofs  is  added  to  the  train  shed,  the  cost  is 
€1.05  per  square  foot,  horizontal  area. 

OeGASIZATION    for    CONSTBDCnON. 

The  Terniiual  Company  is  managed  by  a  board  of  trustees,  one  for 

each  of  the  i3ve  constituent  railroad  companies. 

The  members  of  the  board  wore  as  follows: 

Charles  P.  Clark,   Chairman,  representing  The  N.  Y.,  N.  H.   & 

H.  R.  K.  Co. 

Samuel  Hoar,  Yiee-Chairman,  representing  The  B.  i  A,  R.  R.  Co. 

Charles  L.  Loveriug,  representing  O.  C.  R.  R.  Co. 

Royal  C.  Taft,  representing  B.  i  P.  R.  R.  Corporation. 

Francis  L.  Higgiasoc,     | 

>  represoLitiug  The  X.  E.  R.  R.  Co. 
and  later,  John  M.  Hall,  1      ^ 

The  construction  work  was  carried  out  under  the  direction  of  the 
architects,  Messrs.  Shepley,  Rutau  and  Coolidge,  and  the  Resident 
Engineer,  the  former  planning  and  supervising  the  brick  and  stone 
head  house  and  office-building  construction,  and  the  latter  the  founda- 
tions, train  shed,  midway,  tracks,  subways,  express  buildings,  power 
house,  sea  wall,  etc.,  and  suiicrvisLng  the  construction  of  the  power 
plant  and  interlocking,  each  of  the  above  parties  reporting  directly  to 
the  Board  of  Trustees. 

The  Chief  Engineers  of  the  operating  railroads  and  the  Jlanager  of 
the  Terminal  Company  exercised  general  criticism,  and  were  consulted 
in  regard  to  the  requirements.  All  the  large  contracts  for  construc- 
tion were  executetl  on  behalf  of  the  Terminal  Comi)any  by  a  member 
of  the  Board  of  Trustees.  Other  contracts  were  executed,  under 
authoritj"  of  the  Trustees,  by  the  Architects  or  Resident  Engineer. 

The  general  jilans  for  the  steel  construction  in  the  train  shed  and 
bridge  floors,  prepared  by  the  Resident  Engineer,  were  developed  liy 
J.  R.  Worcester,  M.  Am.  Soc.  C.  E.,  of  Boston.  The  shop  cards  were 
dra^-n  at  the  office  of  the  contractors,  the  Pennsylvania  Steel  Com- 
pany, J.  V.  W.  Reynders,  JI..Am.  Soc.  C.  E.,  Superintendent,  and  were 
examined,  chocked  and  apjiroved  by  the  engineering  department  of 
the  Terminal  Company, 
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The  iuterlockiug  plans  and  details  were  made  by  the  Union  Swtch 
and  Signal  Company,  of  Swissvale,  Pa.  The  power  plant,  including 
lighting,  heating,  ventilating,  elevators,  lifts  and  ice-making  ma- 
chinery, was  designed  by  or  under  the  direction  of  Westiughouse, 
Church,  Kerr  &  Co.,  of  New  York;  Henry  J.  Conant,  their  Boston  rep- 
resentative, the  Sprague  Elevator  Company,  and  Professor  S.  Homer 
Woodbridge,  heating  and  ventilating  engineer,  contributing  to  this 
end.  The  plans  for  the  Pintach  gas  apparatus  were  designed  by  the 
Pintsch  Compressing  Company,  of  New  York. 

The  engineering  department  of  the  Terminal  Company,  assisting 
the  Resident  Engineer,  embraced  A.  B.  Corthell,  M.  Am.  Soc.  C.  E., 
First  Assistant  Engineer;  W.  F.  Goodrich,  M.  Am.  Soc.  C.  E., 
Assistant  Engineer,  in  charge  in  the  field;  J.  H.  O'Brien,  architectural 
draughtsman,  as  well  as  other  draughtsmen,  instrument  men,  in- 
Bpectors  and  helpers,  all  of  whom,  as  well  as  the  head  men  for  tha 
various  contractors,  faithfully  carried  out  all  the  work  entrusted  to 
them. 

Okganiz.itio.n  Fon  Opehation. 
The  organization  for  operating  the  station  is  at  present  substantially 
as  follows: 

A  Manager,  to  whom  all  reports  are  made,  and  who  himself  reports 
to  the  Trustees. 

For  the  Transportation  Department,  a  Station  Master  and  an 
Assistant  Station  Master  for  day  and  night  service,  with  the  necessary 
force  of  guides,  gatemen,  porters  and  cleaners. 

A  Ticket  Agent,  with  necessary  force,  Y'ard  Master  and  Assistant  Yard 
Master,  Baggage  Agent  and  Parcel  Agent,  each  with  necessary  force. 

For  the  Slaiutenance  Department,  the  following  heads,  reporting 
upon  all  matters  pertaining  to  construction,  repair.s  and  operation, 
excepting  operation  of  the  interlocking  plant,  through  the  liesident 
Engineer  to  the  Manager  :  Superiuteudcut  of  Power  Plant,  including 
all  matters  pertaining  to  mechanical  and  electrical  equijiment,  lighting, 
heating,  ventilation,  elevators,  ice  and  gas  machinery,  with  the 
necessary  force  ;  Supervisor  of  Buildings,  with  necessary  force; 
Track  Master,  with  necessary  force.  There  is  also  a  Supervisor 
in  charge  of  all  apparatus  and  employees  supplying  steam,  com- 
pressed air  and  Pintsch  gas  to  cars,  he  reporting  to  the  Manager. 

The  Treasurer   of  the  company,  who  at.  ijresent  is  also  Acting 
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Auditor,  ray  Master  anJ  Turchasiug  Agent,   reports  directly   to  the 
Board  of  Trustees,  tbe  same  as  during  construction. 

Train  Sekyice. 
The  natural  position  of  the  four  roads  entering  the  station  will  he 
maintained  in  the  train  shed,  as  far  as  possible.  There  being  eight 
main  tracks  through  the  throat,  two  can  be  devoted,  one  in  and  one 
out,  for  each  road;  and  only  the  necessary  crossing  of  trains  of  one 
road  over  the  tracks  used  by  another  road,  done,  as  is  necessary,  to 
reach  baggage  rooms,  express  yards,  or  other  special  service.  As  two- 
thirds  of°the  737  trains  using  the  station  are  suburban  trains,  without 
baggage  or  express  matter  in  quantity,  this  very  much  reduces  iutei- 
fer°ence  upon  the  grand  crossing.  Those  trains  carrying  large  quanti- 
ties of  baggage  and  express  matter  must,  of  course,  get  as  near  the 
inward  orout  u  ard  buggage  rooms  as  possible.  It  has  been  found  thus 
far,  in  operation,  that  the  baggage  lifts  expedite  rather  than  hinder 
the'  free  movement  of  baggage,  as  the  free  cross-run  of  the  trucks  be- 
neath the  tracks,  compared  with  dodging  trains  on  the  surface,  more 
than  compensates  for  the  time  required  to  use  the  lift. 

Fencing. 

The  property  has  been  surrounded  as  far  as  possible  on  its  boundary 
limits  with  a  fence  8  ft.  high;  apart  of  this,  adjacent  to  the  streets, 
being  a  tight  board  fence,  and  upon  division  lines  a  picket  fence,  with 
proper  gates  tor  entrance  and  exit  to  the  express  and  mail  yards 
The  subway  and  sea  walls  are  lined  with  a  heavy  two-pipe  rail  fence 
with  cast-iron  posts. 

Minor  Conveniences. 

It  is  impracticable  in  this  paper  to  describe  the  large  number  of 
minor  conveniences  which  have  been  arranged  for  this  station.  The 
mention  of  a  fcNV  of  them  wUl  suggest  their  importance  and  help  to 
complete  the  record. 

A  private  telephone  exchange  for  the  terminal  only. 

Separate  ticket-selling  bootlis  for  each  man. 

A  liberal  number  of  weighing  scab-s  in  baggage  rooms  and  express 
buildings. 

Ample  bicycle  racks,  check  racks,  etc. 
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Cliecking  system  to  care  for  traiuwen's  coats,  bats,  etc.,  instead  of 
the  usual  lockurs. 

Kitchen  auJ  restaurant  I'uruishiugs. 

K'Tjths  for  weighers  at  scales  iu  exiness  builduigs. 

Apartments  for  car  iusiJcctors. 

Train  m.iil-chute  and  sortiug  room.  •         '  • 

Speaking  tubes. 

Case  for  sale  of  emergency  articles,  rubbers,  umbrellas,  etc.,  iu 
■women's  room. 

Shoe-cleaniug  and  polishing  chair  iu  women's  room. 

Eoom  for  police  squad  at  the  station. 

Dressing  room  for  porters  and  gatemen. 

Conveuieuces  for  haudling  newspapers. 

Carpenter  and  paiut  shop  for  repair  men. 

Blacksmith  shoji  for  interlocking  and  track  work. 

Shop  for  small  repairs  to  machinery  and  piping. 

Stock  rooms,  oil  house,  lamp  room,  trackmen's  tool  room,  yard- 
master's  ollicc,  trackmastcr's  headquarters  and  iuterlockiug  super- 
visor's room,  stor.tge  \ ard  for  spare  track  material,  etc.,  etc.,  etc. 

Conclusion. 

In  conclusion,  it  gives  no  little  satisfaction  to  the  engineering  de- 
partment to  say  that  throughout  the  entire  construction  there  has 
been  nlisolutely  no  friction  between  any  of  the  parties  who  have  con- 
tributed to  the  grand  result,  eit'uer  as  railroad  otiieers,  managers, 
architects,  eug'ueors,  contractors  and  their  represeutativeb,  or  city  and 
state  lieads  of  departments  and  oflicers,  and  that  uniform  courtesy  has 
prevailed  among  all.  ■ 

While  it  is  not  always  the  duty  of  the  engineer  to  discuss  the  wis- 
dom or  necessity  of  certain  lines  of  policy,  and  while  such  discussion 
is  more  or  less  unprofitable,  it  may,  nevertheless,  in  this  instance, 
prove  valuable  to  answer  in  advance  the  questions  sure  to  be  raised  as 
to  whether  such  a  large  terminal,  with  its  accompanying  e.xpendi- 
tures,  is  a  proper  investment  for  a  railroad  company  to  make. 

When  railroad  stations  have  been  utterly  outgrown,  as  was  the  case 
in  Boston,  and  the  trutlic  cauuot  be  projierly  handled,  there  is  "no 
alternative "  fur  the  railroad  management  but  reconstruction.  The 
question  whether  each  of  the  existing  stations  shall  be  enlarged,  per- 
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hips  under  great  difficulties,  or  whether  a  combination  shall  be  ef- 
fected, as  in  Boston,  for  the  mutual  convenience  of  the  transportation 
>:ompanieb  uud  the  public,  is  usually  well  weighed  n.ud  decided  by 
those  most  competent  to  decide.  Having  decided  to  build  a  nev?  sta- 
tion, no  management  can  be  criticised  for  making  it  an  up-to-date  and 
even  ahead-of-date  structure. 

Of  the  great  expenditure  necessary  for  the  new  terminal  station  in 
question,  probably  nearly  two-thirds  of  its  entire  cost  for  land  and 
buildings  reverts  directly  or  indirectly  to  the  railroads  interested,  in 
lands  released  at  old  stations  for  other  purposes  or  for  entire  disposal. 
With  bonds  selling  at  a  premium  on  a  3k%  basis,  much  more  can  be 
accomplished,  with  the  same  interest  charge,  than  was  possible  a  few 
years  ago,  with  interest  at  G  per  cent. 

As  far  as  can  now  bo  determined,  the  cost  of  operating  the  new  and 
much  more  commodious  station  will  be  about  the  same  as  the  sum  of 
operating  the  old  stations. 

A  raihoad  statitm  is  a  minor  ai)i)urteuance  to  the  road  itself,  and  it 
is  impossible  to  always  incur  expense  for  renewals,  on  the  basi^s  of  an 
investment  upon  which  a  new  direct  return  will  be  forthcoming. 

It  may  be  comjiared,  roughly,  to  a  new  storehouse  for  a  cotton  mill. 
It  is  a  necessary  convenience  for  the  handling  of  the  business,  but  the 
mill  (or  the  railroad)  is  tlie  real  earning  factor. 

The  question  has  been  asked:  "  How  much  money  did  the  City  of 
Boston  contribute  toward  the  construction  of  the  station?"  In  reply, 
it  may  be  said  that  not  one  dollar  was  contributed,  directly  or  indi- 
rectly, by  the  city  for  land  or  structures  upon  the  terminal  location. 
The  city,  through  its  own  departments,  was  authorized  by  the 
Legislature,  to  expend  a  sum  of  money  for  streets  and  bridge  con- 
struction, outside  of  the  terminal  property,  not  to  exceed  S2  000  000. 

At  different  times  a  great  many  suggestions  have  been  contributed 
to  the  terminal  management,  regarding  construction  of  train  shed, 
arrangement  of  tracks,  handling  of  baggage,  operation  of  station,  etc., 
etc.  Many  of  these  were  ingenious,  some  utterly  useless.  As  a  rule, 
nothing  is  accomplished  if  we  wait  until  perfection  is  reached,  and  it 
is  undoubtedly  better  to  go  ahead  imi^erfectly  than  not  at  all. 

The  station  is  now  being  operated  without  del.ay  to  trains  or  people. 
and  the  results  aimed  at  have  been  reasonably  attained.  Later  on, 
vhen  tho  subway  station  is  put  into  service,  there  should  bo  still 
greater  satisfaction  in  the  general  operation. 
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DISCUSS  ION. 


IIeljan  Conhow,  .J\iu.  Am.  Soc.  C.  E.  (by  lotK'v). —  TLe  ;aietlioil 
used  bj'  jNIr.  Fi'iinci.s  in  ■H-iiter-i-)roofing  the  inasoDiy  throws  new  light 
on  a  subject  upon  which  comparatively  little  has  been  written. 

In  the  summer  of  1S9G  the  writer  had  charge  of  the  construction  of 
a  water-proof  subway,  beneath  the  four  tracks  of  a  railroad  in  Massa- 
chusetts. The  subway  was  about  100  ft.  long  and  8  ft.  iu  clear  width, 
with  the  floor  about  5  ft.  below  the  level  of  the  water  in  a  nearby 
creek.  It  was  necessary,  therefore,  to  build  a  masonry  structure 
which  would  be  impervious  to  water  under  pressure.  The  design  of 
the  subway  called  for  a  foundation  of  concrete,  brick  side  and  end- 
walls,  and  a  brick-arch  roof  with  concrete  backing.  The  water- 
proofiug  materials  were  refined  Viitumen  asphalt  of  the  best  quality  and 
heavy  tarred  paper.  Inside,  the  finished  subwaj-  was  planned  to  have 
a  mosaic  floor  and  sides  and  arched  ceiling  of  glazed  bricks;  but  these 
emliellishments  have  nothing  to  do  with  the  water-ijroofiug,  and  were 
added  merely  as  a  vouoer  to  the  main  walls  of  the  structure.  The  sub- 
way was  built  iu  a  soil  of  fine  sand  so  full  of  water  that  it  was  not  far 
removed  from  a  quicksand. 

In  order  to  simplify  the  description,  the  methods  used  in  water- 
proofing the  floor,  side-walls  and  roof  are  separated. 

1.  Tlio  floor  was  water-proofed  as  follows:  A  fuundatiou  course  of 
concrete,  G  ins.  thick,  was  laid  upou  the  sand,  and  the  tojj  of  this  was 
roughly  leveled  and  smoothed  liy  rilling  the  depressions  with  mortar. 
After  this  mortar  had  set,  heavy  tarred  paper  was  laid  to  bre^ik  joints, 
and  over  the  jsaper  was  poured  a  layer  of  molten  asphalt.  (The  thick- 
ness of  this  pouring  will  depend  upou  the  temperature  of  the  asphalt. 
Very  hot  asi^halt  will  run  out  to  a  thickncs.s  of  less  than  J  in. ;  but  it 
can  be  used  so  tliat  the  pourings  will  be  nearly  J  in.  thick.  The  thin 
pourings,  however,  give  the  best  results.)  On  this  asiilialt,  after  it 
had  cooled,  another  layer  of  tarred  pai)er  was  jdaced,  which  was  fol- 
lowed by  another  coating  of  asphalt.  This  process  was  continued 
UQtil  a  water-jjroof  covering  about  1  in.  thick  was  formed.  This  was 
composed  of  three  layers  of  paper  and  three  pouriugs  of  asphalt.  This 
floor  covering  could  have  been  made  entirely  of  asjihalt,  but  the  tarred 
paper  greatly  increased  its  strength. 

Upon  this  water-proof  floor  6  ins.  of  concrete  were  next  laid,  exceiit 
where  a  space  was  left  for  the  asphalt  iu  the  vertical  walls  to  join 
directly  to  the  asphalt  floor.  The  purpose  of  this  concrete  was  to 
keep  the  asphalt  i>r'niiiineutly  cool  and  also  to  withstand  the  watir 
pressure  from  beneath.  Steel  rails,  2  it.  apart,  were  placed  iu  tin- 
concrete,  and  the  ends  of  the  rails  \\ere  bedded  under  the  inside  wall>. 


h-/ 


DI3CUSSI0X    ON    BOSTOX    SOUTH    TEKMINAI,. 


173 


thus  giviug  streugtli  to  the  concrete,  in  addition  t"  its  iveigLt,  to  resist  •'''•  Courow 
the  ujiwurJ  i)icbsiue,  otherwise  a  heavier  layer  of  couoretc  would  have 
been  nece^ssary. 

2.  To  water-proof  the  side-walls  of  the  subway  the  general  scheme 
was  to  build  a  core-wall  of  asphalt,  2  ins.  thick,  between  two  brick 
walls.  The  greatest  care  was  necessary,  in  making  the  junction  at  the 
bottom,  where  the  asphalt  core-wall  met  the  asjihalt  floor,  to  secure  a 
water-tight  joint.     The  inside  wall  surrounding  the  core  was  first  built 
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to  a  height  of  6  ins.  and  the  outside  wall  to  a  height  of  1  ft.,  thus 
forming  a  narrow  groove  12  ins.  deep,  into  which  molten  asphalt  was 
poured.  In  order  to  reduce  the  amount  of  asphalt,  broken  pieces  of 
clean  and  dry  brick  were  laid  in  the  groove,  which  was  then  groiited 
full  with  very  hot  asphalt.  -The  core-wall  having  thus  been  raised 
level  with  the  brick  walls  about  it,  the  brick  walla  were  built  up  12 
ins.  higher,  and  the  process  of  asphalting  repeated.    In  this  manner  the 
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Mr.  CuDrow.  sides  and  ends  of  tlie  subway  were  built  to  the  desired  height.     Wh^ 
this  had  been  done  the  walls  and  bottom  formed  a  water-tight  masonry 

box. 

WTien  starting  the  core- wall  at  the  bottom,  the  asphalt  was  poured 
very  Slowly,  for  there  was  danger  that  the  hot  asphalt  would  melt 
that  under  the  concrete  and  cause  it  to.  crack;  but  after  the  core-wall 
had  reached  a  height  of  1  or  '2  ft.,  all  an^^iety  on  that  score  was 
disnaissed. 

To  make  a  tight  junction  between  one  pouring  of  asphalt  and 
another,  the  surface  of  the  cold  asphalt  must  be  perfectly  clean  and 
dry.  A  film,  either  of  dust  or  moisture,  will  prevent  a  water-tight 
junction.  Sometimes,  when  the  brick  walls  had  been  freshly  built  up 
above  the  core-wall,  particles  of  mortar  and  drops  of  water  collected 
upon  the  surface  of  the  cold  asphalt  in  the  groove,   and,  in  spite  of 

■  brushing  and  wiping,  it  could  not  be  cleaned  and  dried  perfectly.  In 
such  cases  a  small  quantity  of  kerosene  was  sprinkled  on  the  surface 
of  the  asphalt  in  the  groove  and  then  lighted.  The  heat  dried  out 
the  moisture  and  melted  the  surface  of  the  asphalt,  giving  a  perfectly 
new  surface  and  making  sure  the  unity  of  the  work. 

This  use  of  kerosene  the  writer  has  found  very  valuable.  Old  sur- 
faces of  asphalt  which  had  become  full  indentations  and  which  were 
covered  with  sand  which  had  become  ground  in,  were  rendered  bright 
and  clean  by  burning  kerosene  on  the  surface;  the  foreign  particles 
disappeared  by  sinking  deeper  into  the  asphalt,  leaving  the  surface  m 
good  condition  to  unite  with  the  next  pouring. 

3.  The  water-proofing  of  the  arch  covering  was  very  simple. 
After  the  masonry  had  been  smoothed  over  with  cement  and  it  had 
set,  asphalt  was  poured  evenly  over  the  surface,  and,  after  cooling,  a 
laver  of  tarred  paper  was  laid,  beginning  at  the  sides  and  parallel 
y.-ith  the  barrel  of  the  arch,  working  upward  toward  the  crown,  each 
course  lapping  over  the  previous  one  as  in  a  shingle  roof.  Fourlayers 
of  asphalt  and  three  of  paper  were  used. 

The  water-proofing  of  the  sub«-ay  by  these  methods  was  entirely 

8ucce.ssful,   and  upon  the   completion  of  the   work  the  pumps  were 

stoi)ped  and  the  water  rose  to  a  height  of  4  ft.  around  the  walls  of  the 

■  subway,  which  remained  perfectly  dry  inside.     Numerous  heavy  rains 

caused  no  leakage  in  the  arched  roof. 

This  method  of  water-proofing  the  side  walls  was  not  that  originally 
tried  upon  this  work.     At  first  the  attempt  was  made  to  water-proof  a 

■  .  brick  wall  by  means  of  paper  and  asphalt.     After  the  wall  had  become 

dry  it  was  coated  with  asphalt,  and  then  paper  was  put  on  with  lap 
joints.  Another  coat  of  asphalt  followed,  then  more  paper,  and  so  on. 
A  4-in.  brick  wall  was  built  adjacent  to  the  paper  to  hold  it  and  the 
asphalt  in  place.  The  results  were  not  successful,  and  perfect  water- 
proofing was  not   sccurcHl  in  this  way.     The  writer  is  of  the  opinion 
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that  tarred  paper  has  little  value  as  a  water-proofing  material  for  ver-  Mr.  Courow. 
tical  wall.s  which  are  to  stand  water  under  pressure,  because  of  the 
impossibility  of  keeping  the  pajjor  in  its  proper  place.  He  also 
believes  that  if  it  is  desired  to  build  masonry  absolutely  water-tight 
the  best  way  to  do  it  is  by  using  an  us2)halt  core- wall  where  the  asphalt 
may  be  poured  into  a  groove  and  allowed  to  run  into  every  crevice 
..hlcli  will  admit  water. 

Both  the  asphalt  and  the  tarred  paper  should  be  of  the  best  quality. 
Cheap  asphalt  and  the  'tar  compound  are  not  permanent  substances, 
but  will  rot  and  become  like  powder  under  the  action  of  water  and  air, 
thereby  loosing  all  water-proofing  qualities;  and  the  poorer  kinds  of 
tarred  pai)er  are  easily  torn  and  are  of  Jittle  value.  It  will  be  found 
very  difficult  to  handle  the  asphalt  in  hot  wc-ather  since  it  becomes  soft 
in  ordinary  summer  temperatures.  Cold  asphalt  is  a  durable  and  tough 
substance,  capable  of  bearing  considerable  pressure,  but  if  unpro- 
tected from  the  sun's  rays,  it  becomes  an  unreliable  material.  If  it  is 
desired  to  use  a  large  quantity  of  asphalt,  the  inconvenience  of  melting 
it  quickly  may  become  very  great,  especially  if  the  asphalting  outfit 
consists  of  but  one  or  two  kettles.  One  kettle  will  melt  a  large  amount, 
however,  if  it  is  kept  constantly  full,  since  the  molten  asphalt  in  the 
kettle  will  quickly  melt  large  blocks  of  the  cold  asphalt. 

The  accompanying  section,  Fig.  19,  will  aid  in  the  illustration  of  the 
methods  dcscriljed. 

J.  R.  WoitCESTEK,  M.  Am.  Soc.  C.  E.  (by  letter).  — The  subject  em-  Mr.  Worcester. 
braced  by  the  jiaper  is  so  comprehensive  that  the  author  has,  of  neces- 
sity, hastened  over  many  features  of  the  problem,  a  more  extended 
account  of  Mhich  might  have  been  iuturestiug  to  the  members  of  the 
Society.  In  the  hope  of  shedding  a  little  light  ou  some  of  these  points, 
the  writer  wishes  to  discuss  briefly  the  portion  of  the  jiaper  which 
refers  particularly  to  the  train  shed. 

CanlUever  Principle. — To  make  more  clear  the  reasons  for  adopting 
the  cantilever  style  of  trussing,  it  should  be  stated  that  before  tho 
method  of  sujiporting  the  roof  was  determined,  the  cross-seetion,  so 
far  as  the  roof  line  was  concerned,  was  agreed  upon  almost  exactly  as 
it  was  finally  built.  This  line  was  arranged  so  as  to  give  a  large  verti- 
cal space  for  windows  below  the  eaves  and  above  the  connecting  roof, 
to  enclose  the  whole  width  of  the  shed  under  a  single  roof  and  to  avoid 
raising  any  portion  so  high  as  to  overtop  the  head  house.  It  was  also 
determined  that  there  should  bo  two  lines  of  intermediate  columns 
placed  substantially  in  the  positions  finally  adopted. 

With  these  conditions  prescribed  and  with  the  manifest  advantages 
of  raising  the  bottom  chord  as  much  as  possible,  the  cantilever  jjrin- 
ciple  naturally  suggested  itself  as  desirable.  To  ascertain  whether  it 
would  result  iu  any  great  economy,  however,  an  estimate  of  the  cost 
of  trusses  with  the  same  outline,  but  broken  over  the  interior  colunins, 
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,  was  maJo.  It  was  fouod  that  the  weight  of  trusses  coustvuetej  ou 
these  Hues  would  lie  about  10.7  lbs.  per  hoiizoutal  square  foot,  instead 
of  8.25  lbs.,  which  was  the  weight  of  the  cantilevers. 

Whether  the  supiwrtod  tiiissea  could  have  beeu  mad.  _;  light  as 
the  cantilevers,  had  the  shape  beeu  immaterial,  was  not  determined; 
but  it  is  doubtful,  as  the  conditions,  particularly  the  fact  that  only  a 
small  portion  of  the  load  was  variable,  were  altogether  favorable  for 
cantilever  construction. 

Ecpaasioii. — The  author  has  referred  to  the  fact  that  only  one 
expansion  joint  was  provided  in  the  trusses,  aud  that  in  the  central 
span;  but  in  speaking  of  the  intermediate  columns  as  not  anchored, 
he  might  be  understood  to  mean  tliat  it  was  expected  that  motion 
might  occur  at  the  feet  of  these  columns  from  changes  of  temperature. 
This  was  not  the  ease,  as  it  was  recognized  that  the  friction  from  the 
load  ou  those  intermediate  columns  would  be  so  great  as  to  render 
motion  impossible,  even  if  desirable.  The  side  columns  were  made 
very  stiiT,  and  were  calculated  on  the  assumption  that  all  the  wind 
force  would  be  transferred  through  them  to  the  ground.  Assuming, 
then,  that  the  trusses  were  fi.\ed  at  the  outer  end,  it  was  expected  that 
the  intermediate  columns  must  bend  slightly  as  the  length  of  the  end 
spans  varied  with  the  temperature.  Allowing  for  a  motion  of  1  in,  per 
hundred  feet,  as  the  extreme  oliect  of  temperature,  it  was  found  that 
the  strain  caused  by  this  motion  in  the  intermediate  column  would  not 
add  above  25%  "to  the  compression  caused  by  the  total  vertical  load, 
and  the  combiued  strain  would  be  only  about  12  50O  lbs.  per  square 
inch. 

As  a  matter  of  fact,  it  seems  that  the  allowance  of  1  in.  per 
hundred  feet  was  excessive,  for  it  was  found  that  the  total  change  at 
the  expansion  joint  between  a  very  hot  summer  day,  when,  before  the 
covering  was  all  applied,  parts  of  the  trusses  were  exiJosed  to  the 
direct  sun,  and  an  unusually  cold  winter  day,  before  the  shed  was 
occupied  and  partly  warmed  as  it  will  be  by  occupation,  that  is,  under 
a  range  of  9i'^  Fahr.,  the  maximum  contraction  at  the  central  expan- 
sion joint  amounted  to  only  1^  ins.  This  is  partly  explained  by  the 
fact  that  the  side  posts,  instead  of  being  absolutely  rigid,  as  assumed, 
allow  a  motion  at  the  top  of  apparently  about  1  in.,  making  a  total 
contraction  of  about  3^  ins.,  or  -,"5  in.  per  hundred  feet. 

In  this  connection,  the  writer  can  hardly  agree  with  the  author's 
conclusion  with  regard  to  the  Midway  Floor,  that  "  the  exj)ansion  of 
each  piece  of  steel  is  ajjparently  taken  up  in  the  riveted  joints."  It 
seems  more  probable  that,  as  the  extrerne  variation  in  temperature  of 
this  portion  of  the  building  proliably  does  not  exceed  10^,  the  elastic- 
ity of  the  material  is  called  upon  to  compensate  for  any  motion  which 
might  occur  if  the  matnial  were  free  to  come  and  go. 

General  Disiij/i. — There  are  two  j'oints  in  the  general  design  of  the 
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tiaiu  shed  wliicli  are  not  very  clearly  set  forth  iu  the  piqier  or  ilhistia-  Jtr 
tions,  and  about  which  a  word  may  uot  bo  out  of  place. 

The  trusses  at  the  ends  of  the  buildiug,  viz.,  A,  12,  C,  K,  and  L  are 
made  the  full  depth  of  the  eud,  with  diagonals  each  exteudiug  over  two 
of  the  panels  indicated  by  the  vprtical  lines  on  the  cut. 

The  verticals  of  these  trusses  act  as  beaias  to  carry  the  wind 
pressure  to  the  horizontal  trusses  which  are  situated  iu  ihe  plane  of 
the  top  and  bottom  chords. 

The  reason  for  making  the  main  monitor  trusses  with  a  (JO-ft.  span, 
disregarding  the  supports  which  might  have  been  carried  to  the  \.o\> 
of  main  trusses,  was  that  these  trusses  are  spaced  more  closely  to- 
gether than  the  main  trusses,  those  intermediate  between  the  nuiin 
trusses  being  carried  by  the  purlins  on  either  side. 

Pill  and  Rivet  Connections. — Pin  connections  were  adopted  for  the 
main  trusses,  and  for  much  of  the  rod  bracing,  largely  as  a  matter  of 
convenience  of  erection  and  to  improve  the  general  appearance. 
There  was,  however,  one  verj-  important  detail  where  a  riveted  joint 
was  used,  namely,  at  the  intersection  of  the  bottom  chord  of  the  canti- 
lever trusses  with  the  intermediate  columns.  Here  a  pin  would  have 
been  of  such  large  diameter  and  the  necessary  restriction  in  metal  of 
the  post  so  great,  to  say  nothing  of  the  difficulty  of  having  the  idiords 
on  the  two  sides  of  dill'erent  widths,  that  ariveted  joint  was  much  more 
satisfactory,  and  it  was  adopted  without  hesitation. 

Lenrjth  of  Strtit-i. — One  feature  of  the  design  which  was  of  consider- 
able importance  iu  the  way  of  economy,  but  wliich  was  somewhat  con- 
trary to  modern  practice,  was  the  ratio  of  length  to  diameter  iillowed 
in  struts  in  riveted  work.  If  rules  such  as  that  '•  the  length  shall  not 
exceed  100  times  the  least  radius  of  gyration  "  had  been  adopted,  it  is 
safe  to  say  that  the  purlins  and  a  large  amount  of  the  bracing  mem- 
bers would  have  had  to  be  made  up  of  difl'erent  shapes  altogether  from 
those  used.  The  limit  adopted  was  for  the  length  not  to  exceed  50 
times  the  least  diameter.  In  the  writer's  opinion,  the  least  diameter 
in  such  a  limit  is  a  more  proper  guide  than  the  radius  of  gyration,  as 
the  stifl'ness  of  the  member,  which  is  the  element  most  to  be  consid- 
ered, more  closely  corresponds  with  the  former.  Whether  the  ratio  of 
oO  is  too  great  is  open  to  debate,  but  where  the  members  are  straight- 
ened carefully  after  riveting,  and  again  looked  after  when  erected,  aud 
where,  as  in  a  roof,  they  are  not  liable  to  transverse  forces  of  any  kind, 
it  seems  a  wise  economy  to  use  a  liberal  ratio. 

Jack  i?((/Vt;-.v.  —  It  was  considered  very  desirable,  in  covering  the 
roof,  to  arrange  if  possible  a  truly  curved  surface  which  sliould  not 
show  breaks  over  the  purlins,  as  there  are  many  points  of  view  out- 
side the  building  from  which  the  line  of  sight  would  tpiiekly  detect 
any  unevenuoss.  It  was  therefore  with  some  trepidation  that  the 
writer  specified  for  the  jack  rafters  8-in  I-beams,  the  span  being  about 
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Mr,  Worcester.  20  ft.  This  was  finally  iloue,  but  the  beiuius  were  given  a  cumber 
greater  than  that  reciuired  by  tbe  curve  of  tLe  roof,  by  an  amount 
(1  in.)  which  was  a[)i>roxiniately  the  theoretical  deflectiou  which  the 
beam  would  have  from  the  Jead  weight  oi  the  covering.  The  result 
of  this  was  very  satisfactory,  the  lines  of  the  roof  taking  a  very  even 
curve. 

In  this  connection,  it  i.s  interesting  to  note  that  at  the  bottom  of  the 
slope  the  pitch  is  not  less  than  3  ins.  jier  foot,  the  steei)est  which  the 
■writer  has  known  of  for  a  similar  compositiun  roofing.  So  far  no  evil 
efl'ect  has  been  observed. 
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